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Topics of the Month 


Tackling the chemical effluent problem 


HE passing of the River Boards Act a few years ago 

with its promise of far stricter control over the discharge 
of industrial wastes into Britain’s rivers and waterways 
came as a salutary check to a state of affairs which was fast 
becoming a national scandal. Many fine rivers and streams 
have been ‘ killed’ by uncontrolled dumping of foul wastes 
and irreplaceable amenities have been destroyed. The 
problem of effluent disposal is a serious one for the chemical 
and allied industries in view of the advent of the River 


Boards with their powers to require higher standards of 


effluent treatment before discharge. It was for this reason 
that last June we published a special issue which surveyed 
the problem and discussed methods of treatment. 

Some chemical firms are themselves taking the initiative 
in helping to keep the rivers clean. An outstanding example 
is Monsanto Chemicals Ltd., who, a few weeks ago, showed 
us the new effluent purification plant at their Ruabon 
(North Wales) factory. We unhesitatingly commend this 
plant as a model to any firm confronted with similar 
problems. 

Monsanto’s effluent problems could hardly have been 
greater. The factory makes phenol and salicylic acid, 
among other chemicals, and it produces a most difficult 
efHuent. This must be discharged to the River Dee which, 
besides being one of the finest salmon rivers in Britain, also 
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supplies water to a large population around Chester. This 
water is taken from below the Ruabon factory. 

The factory has been in existence since 1867, but it was 
only after the first world war that effluent became a problem. 
This problem grew with the expansion of the factory and 
in 1936 steps were taken to improve the disposal system. 
A percolating filter was installed but later abandoned as 
results were disappointing due to it being overloaded. In 
1939 the pressing problem of disposing of sulphite liquor 
from the synthetic phenol plant was tackled by arranging 
for its pre-oxidation with diffused air in tanks. 

Other measures, including impounding lagoons of 
5,000,000-gal. capacity for controlled release of effluent, 
weré taken, but it was not until after the war that the new 
scheme was started, consequent upon plans for considerably 
enlarging the factory. Biological filtration was chosen, 
a method which has been proved in sewage disposal. 

Briefly, the process involves the passing of effluent sub- 
stantially free from suspended matter through beds of 
stones impregnated with bacteria capable of oxidising 
organic materials not only of animal but also of chemical 
origin. 

The system works as follows: Strong liquor and weak 
liquor pass to balancing tanks and storage tanks respectively 
and thence to a mixing tank. They are then neutralised by a 
lime slurry and flow to two primary clarifiers which extract 
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sludge. The liquors then pass through a manifold which 
distributes them to the six 100-ft. diameter percolating 
filters, each with four revolving arms through which the 
effluent flows and is evenly distributed over the complete 
surface of the filter bed. After recirculation and final 
clarification, the purified effluent flows into storage ponds 
for subsequent discharge to the Dee. 

Although biological filtration is not a new method of 
effluent treatment, many problems had to be solved before 
it could be applied to the chemical effluents at Ruabon. 
The research and development necessary raised the total 
bill for the plant to £600,000, although it is estimated that 
the same plant could now be duplicated for half that amount. 
The chairman of Monsanto, Mr. E. A. O’Neal, Jun., has 
offered to make available to other British firms the data 
acquired during this research to help them with their own 
effluent problems. 

This is a public-spirited gesture and it is in keeping with 
the spirit which animated Monsanto in building their 
admirable plant. 


Microbes as chemical manufacturers 


OUPLED with effluent purification is the elimination 

of waste in chemical manufacture. Monsanto regard 
this as part of their waste control scheme and they are now 
recovering some 9,600 tons p.a. of products that formerly 
went down the drain. In this way efficiencies are continually 
being improved. 

This topic of ‘ wealth from waste,’ once so popular during 
the war-time salvage drives but since then largely neglected 
even though the need remains, was taken up by the Secretary 
of the D.S.I.R., Sir Ben Lockspeiser, in a speech at the 
opening of the new effluent plant. Sir Ben doubted very 
much if we needed to throw away as much as we do and he 
commended the new approach of bacterial production of 
useful chemicals from effluents and also from the main 
products from which effluents are derived. The micro- 
biological synthesis of chemical products was an expanding 
field and more work should be devoted to the selective 
breeding of micro-organisms. In short, said Sir Ben, 
man should now turn his attention to the microbiological 
‘jungle’ to find and train organisms for his service in the 
same way as our primitive ancestors turned to the jungle 
and found wild animals, trained them to work usefully and 
bred them for useful characteristics. 


More oil for industry 


ETROLEUM is becoming an increasingly important 

fuel and raw material for industry in Great Britain, 
a remarkable fact in a country without significant indigenous 
reserves of oil and with an economy traditionally based on 
coal. Last year, oil consumption rose to nearly 17,000,000 
tons, compared with about 15,250,000 tons in 1950. Even 
more striking was the rise in output from British oil refineries, 
from just Over 9,250,000 tons in 1950 to nearly 16,500,000 
tons last year. Compared with 1950, production of motor 
and aviation spirit more than doubled in 1951 to nearly 
3,000,000 tons. Nearly half the total output of refined 
products was fuel oil—more than 7,500,000 tons, against 
3,800,000 in 1950. As the new refineries are operating 
almost entirely on Middle East crude, this expansion in 
refinery capacity is saving millions of dollars. 

Figures showing the growing value to industry of gas, 
diesel and fuel oil are impressive. The steel industry, for 
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example, used nearly a million tons of oil last year. This 
trend towards oil firing in the steel industry in place of 
producer gas is likely to continue, as pointed out in the note 
on steel productivity in another column (see also our note 
in February 1952, p. 69). The gas industry, too, is using 
greater quantities of oil, 556,660 tons, against 539,611 tons 


the year before. As will be recalled (this journal, March 
1952, p. 120), the use of butane as town’s gas is being tried 
experimentally in Wales and there is a likelihood that this 
refinery gas will be used more widely as a household fuel. 


Aluminium’s new horizons 


HERE has been a serious lag in the development of 

aluminium production in the sterling areas and Europe 
as opposed to that of North America. In 1939, sterling 
area production was 171°,, of that in North America. Last 
year it was only 30°,,, and it is estimated that in 1953 it will 
be down to 20°,,.. This has been brought about in the first 
instance by changes arising during the war when condi:ions 
for expansion, particularly in relation to available pc wer, 
greatly favoured North America. These conditions ave 
continued to operate since the war and have been accentuated 
by the greater political stability of this area in relation to 
many possible areas of production available elsewhere. The 
result is that aluminium production in the non-dollar «reas 
is not meeting current increased demands, whereas i. the 
U.S.A. the metal is said to be so plentiful that certain 
restrictions on its uses have been withdrawn. In fact, there 
is for the first time enough aluminium for major potential 
users to consider its application on a large scale. Even so, 
aluminium production capacity is to be increased still 
further in the U.S.A. and Canada. 

: In 1939, U.S. aluminium production was about 150,000 
tons p.a. and all of this was made by Alcoa. Recently the 
Reynolds Metals Co. opened a new 72,000 tons p.a. plant 
on the Gulf Coast and, when its reduction plant at Arka- 
delphia is completed, this company’s total aluminium pro- 
duction capacity will be about 370,000 tons p.a., some 
2} times the whole U.S. pre-war production. In addition, 
the two other leading U.S. producers, Alcoa and Kaiser, 
are expanding production facilities. A common feature of 
these projects is the departure from hydroelectric centres 
made possible by the development of alternative sources of 
cheap fuel. For instance, Reynold’s new plant burns natural 
gas, requiring 40,000,000 cu.ft. day. Kaiser’s new plant 
at New Orleans also uses natural gas. Lignite will be used 
at the Alcoa plant nearing completion at Rockdale, Texas. 

In Canada, too, the already well developed aluminium 
industry is being enlarged. A $550,000,000 project is 
being undertaken by the Aluminium Co. of Canada near 

Kitimat, British Columbia, which includes an aluminium 
plant and a 1,600,000-h.p. hydroelectric station. This 
project will also open up timber development in the area. 

Meanwhile, the non-dollar areas are now beginning to 
recover some of the initiative in aluminium development. 

A major project is being planned for the Gold Coast, which 
has reserves of bauxite estimated at about 225,000,000 tons. 
It is expected that about 1,150,000 tons of bauxite will be 
processed annually into 210,000 tons of aluminium. A dam 
will have to be constructed across the Volta River about 
70 miles from Accra, creating a 2,000 sq. mile artificial lake, 
one of the largest in the world. A 550,0c0-kW hydroeleciric 
power station will be constructed, providing 5co,00o kW 
for the operation of the aluminium smelters, the balance 
being available for public use. The whole project includes 
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the building of new roads and railways and a new harbour, 
the latter alone requiring a labour force ef 23,000 men. 
This Volta River project is an Anglo-Canadian enterprise 
which is being planned by the British Aluminium Co. Ltd., 
Aluminium Ltd. of Montreal, and the U.K. Government. 

Canada is also affected by plans for aluminium production 
in Dutch Guiana, the world’s largest source of bauxite. If 
they materialise, the Netherlands will then obtain aluminium 
from Dutch Guiana instead of Canada. However, this is 
expected to have little effect on Canada’s industry. Bauxite 
production in Dutch Guiana has been rising steadily during 
the past 13 years and exports may substantially exceed 
3,000,000 tons p.a. during the ten-year development pro- 
gramme starting this year. It is expected that a minimum 
of 100,000,000 Surinam guilders ($53,000,000 will be 
required between 1952 and 1962 to exploit the bauxite 
deposits and introduce actual aluminium production in this 
South American colony. 


The first chemical society 


HICH was the world’s first chemical society ? There 

was some controversy about this until 1935 when it 
was established that the first chemical society in the world 
was founded in 1785 in the chemistry department of the 
University of Edinburgh, under the sponsorship of the 
famous Joseph Black, professor of chemistry at Edinburgh 
and renowned for his work on magnesia and on latent and 
specific heat. Until recently the only- evidence for the 
existence of this historic society was a list of its §9 original 
members. In 1947, however, Dr. McLaughlin, of St. 
Patrick’s College, Maynooth, discovered in the archives of 
the Royal Irish Academy, Dublin, a volume which examina- 
tion showed to be the first volume of the Proceedings of the 
Edinburgh University Chemical Society. A well-bound 
folio of 452 pages in copper-plate manuscript, it contains 
32 dissertations on topics of chemical interest. Antedating 
by five years the Annales de Chemie, initiated in Paris in 
1790, it can claim to be the first journal of a purely chemical 
character in the world. Through the courtesy of the Council 
of the Royal Irish Academy, it has now been returned to 
its original owners. 

Prof. James Kendall commented on these Proceedings in 
his recent presidential address to the. Royal Society of 
Edinburgh on ‘The First Chemical Society, the First 
Chemical Journal and the Chemical Revolution.’ In his 
view, although the communications presented are not of 
major scientific importance, they do afford a unique record 
of contemporary chemical thought. In particular they 
disclose one fact of significant historical interest, namely 
that Joseph Black, commonly regarded as among the last 
to accept the ‘ chemical revolution ’ of Lavoisier, must have 
been among its earliest advocates, since the majority of his 
Students were already converts to the oxygen theory of 
combustion in 1785-86. The penultimate paper, by Mr. 
John Carmichaell, merits special consideration. It consists 
of a violent attack upon the long-established doctrine of 
phlogiston, which Lavoisier overthrew, and concludes with 
a quotation from Virgil applicable thereto: Venit summa 
dies (Its last hour has arrived). That pronouncement was 
obviously endorsed by Mr. Carmichaell’s colleagues, since 
on the title-page of his medical graduation thesis in 1787, 
where he continues the attack, he proudly announces himself 
as “Extraordinary Member and President for the Year of 
the Chemical Society of Edinburgh.’ This thesis was 
almost certainly one of two sent by Black to Lavoisier in 
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1790 as proof that Edinburgh students, while enjoying ‘ the 
most perfect liberty of chuseing their philosophical opinions,’ 
had in general embraced his system. 

Incidentally, Mr. Carmichaell was one of the few original 
members of the Society who was a native Scot. The 
nationality of 19 has been traced: only three were Scots, 
three were English and thirteen Irish! Presumably one of 
this formidable Irish fraction was responsible for the 
transfer of the first volume of the Proceedings to Dublin. 


Nuclear research in Europe 


EN European countries have sensibly decided that, 

instead of carrying out strictly national programmes of 
nuclear research, they should co-ordinate their efforts under 
the aegis of a new body, the European Council for Nuclear 
Scientific Research. At meetings in Copenhagen in June, 
it was agreed to build a nuclear research station in either 
Denmark or Switzerland. 

Four groups will be appointed to plan the building of the 
research station. Mr. Odd Dahl, of the Chr. Michelsen In- 
stitute in Bergen, Norway, was appointed as head of the 
group to plan the building of the cosmotron, the atom-disin- 
tegrating machine, which will produce nearly 15,000,000,000 
V, weigh 8,000 tons and cost about £5,000,000. According 
to Mr. Dahl, the laboratory building should be ready in 
about three years’ time, while the erection of the main 
machinery will take from six to seven years. 

Great Britain is not a member of the new Council, it 
having been decided, presumably, that we are so far ahead 
in our nuclear energy programme that no advantage would 
be obtained from the co-operative scheme. Nevertheless, 
Liverpool University has offered research facilities to Euro- 
pean physicists and engineers, including the use of the 
400-MEV cyclotron which is now under construction. This 
co-operation is all to the good and it is to be hoped it will 
be extended to reactor studies. 

The countries taking part in the scheme are Belgium, 
Denmark, France, Germany, Italy, Holland, Sweden, 
Norway, Switzerland and Yugoslavia. 


Iron and steel productivity 


INCE the war the British iron and steel industry has 

achieved an increase of 25°,, in the output of finished 
steel per man employed. This is no small achievement, 
particularly as the cost of making iron and steel in Great 
Britain remains low by international standards. In spite 
of this, productivity in the British industry is lower than 
in the United States. Last year a team under the leadership 
of Sir Charles Goodeve, Director of the British Iron and 
Steel Research Association, visited the U.S. to discover the 
reasons for this higher productivity, and last month they 
issued their report (‘Anglo-American Council on Produc- 
tivity,’ London, §s., post free). 

Broadly, the American industry leads Britain and, indeed, 
the world in productivity for four main reasons: larger 
units of plant in larger works, greater purity and abundance 
of raw materials, faster driving of plant, and the use of 
high-grade fuel, including oil and natural gas. These are 
formidable advantages, especially when coupled with the 
fact that the Americans have a market six times bigger than 
the British. This has led to greater standardisation than 
seems possible of achievement in Britain, owing to the fact 
that a larger proportion of our iron and steel is exported, 
thus demanding considerable variations in standards. 
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The advantages the Americans have in raw materials can 
be simply stated: the average iron content of their ores is 
50°, compared with 40°, in the U.K. The use of more of 
the richer imported ores would obviously increase British 
iron-making plant, fuel and labour productivities, and steps 
to achieve this are, in fact, being taken. It is in this respect 
that the chemical engineer can make a great contribution to 
the industry, for much remains to be done in ore treatment 
and beneficiation, both for imported and home ores, in 
spite of the fact that Britain has been at least as progressive 
as America in this field. 

American coking coal is on the average of better quality 
than British and it is easier to mine and relatively cheaper 
than in Britain. For open-hearth and mill furnaces, America 
has the enormous advantage of abundant reserves of cheap 
oil and natural gas, which are piped to most parts of the 
country. The effect of these rich fuels on productivity is 
shown by the fact that about 25°,, of British open-hearth 
steel production has been converted within the past five 
years from producer gas to oil firing with an increase of 10°, 
in furnace outputs. In British soaking pits and reheating 
furnaces there is considerable scope for improvement in 
fuel consumption rates. 

American steel works plant is driven at high rates. To 
a large extent this is attributable to the purity of raw 
materials and fuel, to size of plant units, and to other charac- 
teristics peculiar to the American industry. But even after 
allowing for these, American steel workers are still able to 
get 10 to 20°, more out of each unit of plant than is achieved 
in Britain. In blast furnaces this is accomplished with some 
increase of coke consumption, which the Americans can 
afford, and in open-hearth furnaces with a reduction in 
roof life, which they accept. The rolling mills, however, 
seem to take fast driving with little if any increase in shut- 
down or maintenance costs. Here is no case for a blind 
following of American operating rates, but there is a case 
for a continuous study of all modern methods to increase 
the operating rate of each individual piece of plant. 

Research in the American steel industry is on a relatively 
small scale, owing perhaps to the comparatively simple 
metallurgical problems in that country. Ferrous metal- 
lurgical research in America as a whole is on an extensive 
scale and receives considerable financial assistance from the 
Government and from the using industries. Co-operative 
research in Britain has been found to be an efficient way of 
increasing the technical strength of the industry, and is on 
a much larger scale than in the U.S. 

Finally, the team discuss the fiscal advantages enjoyed by 
the American industry. American firms are allowed by the 
Government to write off capital cost of plant and buildings 
more rapidly than are British firms. The capital cost of an 
integrated steel works on a new site is estimated at £75 per 
ingot ton of capacity; unless the higher capital charges 
involved in new investment are more than offset by the 
operating economies secured through an increase in plant 
or labour productivity, then productivity in its widest sense 
has declined. Even after taking account of this factor the 
team urge a continuation of at least the current expenditure 
by the British steel industry. At present prices {30,000,000 
must be spent each year merely to maintain existing capacity. 
Plans are, however, now being made to increase the present 
capacity, and the team consider that an annual capacity of 
around 20,000,000 ingot tons could be reached in a reason- 
able time only if annual capital investment of £60,000,000 
is maintained or even exceeded. 
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Iron oxides from wastes 


IGMENT grade iron oxide in red and yellow colours 
as well as other intermediate shades can now be salvaged 
from iron-containing waste solutions in batch and continuous 


wet chemical processes devised in the U.S. Involved in 
these processes are two newly developed pilot plants con- 
sisting of simple equipment and controls that provide 
automatic operation. Developed out of the urgent need 
for better methods of producing iron oxides, the two pilot- 
plant systems have a production capacity of 400 Ib. day, 
chemically producing stable and reproducible oxide materials 
that require no further grinding or conditioning for pigment 
use. While the continuous operation has proved superior 
to batch processing, design studies of an 8-ton commercial 
plant based on the pilot model indicate the process to be 
economically feasible for small- or large-scale use of the 
various liquor wastes produced in iron or steel processing. 

Both processes produce a high yield of finished pigments 
that are clear in colour, have a high tinting strength and 
a high oil-absorption value which permits satisfactory 
rubbing up with drying oils, according to an article in 
Industrial and Engineering Chemistry. Dried films of these 
oxides used in oil are homogeneous and opaque. 

Research on synthesising iron oxides has shown the wet 
chemical method to be the only technique capable of pro- 
during wide colour variations. The method involved pre- 
cipitation of a ferrous or ferrous-ferric hydroxide, or other 
hydrogel, followed by oxidation of this hydrogel or the 
original salt to a known ferrous-ferric content; and con- 
version, with or without a catalyst, of the hydroge! or 
original salt by heat and pressure to the desired form of 
ferrous-ferric or ferric oxide. 

The pilot plant for batch production of red oxide consists 
of a heat exchanger designed to handle suspensions of solids 
without undue fouling and without corrosion, a pump to 
circulate the hydroxide-oxide suspension through the heat 
exchanger and remainder of the system, a holding drum 
designed to withstand pressure operation and of sufficient 
capacity to produce the desired time-space relation, and 
a temperature control to hold the system temperature at 
predetermined values. A separate tank is used for mixing 
and introducing solutions into the system. 

The equivalent pilot plant for continuous production 
requires, in addition, a bellows-actuated differential air relay 
to the holding tank with taps at top and bottom, a propor- 
tional acting liquid level indicator-controller that controls 
an air-operated valve placed in the batch sampling line 
between the pump discharge and the heat exchanger inlet, 
a disengaging drum that also functions as a decanting barrel 
in concentrating the finished pigments, and a charge pump 
that meters the fresh feed-precipitated iron solution to the 
system. 
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Automatic Process Controllers 


By Alan Pollard, B.Sc., A.R.1.C. 


This is the second article in the series on automatic control in the process industries, the first of which appeared in 
CHEMICAL & PROCESS ENGINEERING in July. The author first discusses the advantages of pneumatic and elec- 
trical control instruments and then describes in detail four post-war designs by British manufacturers. Three of these 
instruments are pneumatic and the fourth is electrical. In the third and last article, the author will deal with graphic 


VERY wide range of automatic in- 

struments for process control is now 
available. Many of these are of the directly- 
actuated mechanical type and often are not 
regarded as controlling instruments in the 
accepted sense, e.g. pressure-reducing 
valves and float-operated level valves are 
effectively fixed band proportional con- 
trollers in action. If this type of apparatus 
is excluded from consideration, by far the 
greatest majority of automatic process 
controls are found to be pneumatic in 
operation. In fact, until very recently, for 
any application requiring a continuous 
control action there was no real alternative 
to the air-operated instrument. Electrical 
process controllers in the past have been 
essentially discontinuous in action and so 
unsuitable for many process applications. 
Hydraulic instruments, although capable 
of developing continuous actions, have not 
been developed to such an extent as the 
pneumatic type, and are thus restricted in 
application, mainly to those situations 
requiring the movement of heavy loads, 
e.g. automatic boiler control and the gas 
industry. In general process work the 
use of hydraulic equipment is almost 
entirely restricted to auxiliary power 
positioning in conjunction with pneumatic 
controllers. 


The pneumatic controller 


The reasons for the predominance, of 
the pneumatic controller are partly his- 
torical and partly practical. Historically, 
automatic control in the process sense was 
born, and indeed has been developed 
almost entirely, in the American petroleum 
industry where the first requirement of 
any new apparatus is freedom from fire 
and explosion hazards. It was therefore 
natural that attention be directed to the 
intrinsically safe equipment, of pneumatic, 
hydraulic or direct mechanical operation. 
Of these alternatives, pneumatic operation 
is by far the most flexible in use and lends 
itself particularly well to centralised control 
systems where the transmission distances 
are not excessive. The pneumatic design 
also proved more successful than its com- 
petitors, including the electrical instru- 
ments, in that the addition of the integral 
and derivative actions, as these were de- 
veloped, requi-ed only relatively simple 
modifications to the basic proportional 
controller, Pneumatic instruments are also 
simple in construction and inexpensive in 
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and supervisory control panels. 





Fig. |. ‘ Mark 20’ controller mounted in the 
‘Multelec’ potentiometer. 


maintenance if the operating conditions 
are at all reasonable. 

The principal disadvantage of the pneu- 
matic controller is the effect of transmission 
lags when the controller is separated from 
the plant. The modern practice of cen- 
tralised control rooms, well away from the 
operating area, has necessitated the pneu- 
matic transmission of signals from the 
plant, as well as the transmission of the 
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controller output signal to the regulator. 
This adds to the control loop two sig- 
nificant transmission lags and thus makes 
control more difficult. A recent develop- 
ment to remedy this defect is the use of 
close-coupled circuits in which the con- 
troller is situated on the plant, as close as 
possible to both the measuring and regulat- 
ing units, thus reducing the transmission 
lags to a minimum. The controller is 
then linked pneumatically to a supervisory 
instrument in the control room, from 
where the desired value can be adjusted 
and the performance monitored on a 
recording instrument. It is not possible 
in the present designs to adjust the control 
actions from the control room, but on a 
continuous process this should rarely be 
necessary once the plant is in operation. 

There is also an inherent feature of all 
existing pneumatic controllers, with one 
exception, which may prove to be dis- 
advantageous in the future, although at the 
moment, with the present application tech- 
niques, it is not a serious disadvantage. 
This feature is the mutual inter-action of 
the integral and derivative generating 
systems upon each other and on the pro- 
portional action. The effect is only found 
in the three-term instrument, but due to 
the different methods of generating integral 
action, the effects of interaction differ 
between instruments of different manu- 
facture. Each particular instrument must 
be considered on its individual design, and 
it is to be regretted that some of the 
essential information does not always 
appear in the manufacturer’s instructions. 
A theoretical analysis of this subject has 
recently been presented by Rutherford and 
Aikman' and the practical aspects by 
Young.” 

In practice the effects of inter-action are 
threefold, viz.: 

(1) The amounts of the integral and 
derivative action shown on the controller 
adjustments are not those which are 
actually generated by the instrument; both 
actions are generally reduced in magnitude. 
In some cases it is possible to relate the 
effective actions to the nominal, depending 
on the controller design. 

(2) The proportional band is also reduced 
by the inter-action, that set on the controller 
being effectively divided by an ‘inter-action 
factor’ which is dependent on the ratio of 
the nominal derivative and integral actions. 
This is probably the most important prac- 
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tical effect, since reduction of the 
proportional band tends to make the 
control system unstable. 

(3) The inter-action limits the 
maximum effective ratio of derivative 
to integral action, and thus the amount 
of derivative action—needed to im- 
prove the recovery time—is limited. 

So long as the effects of inter- 
action are recognised, its presence is 
not a serious disadvantage. It would 
simplify the setting up of a controller 


if the effective actions were directly Fig. 


readable, since these values should 
theoretically be related to the period 

of oscillation of the controlled variable. 
But by maintaining a constant ratio of the 
nominal action times, the inter-action 
factor also remains constant and there can 
be no further change in the proportional 
band. Some makers have adopted the 
expedient of linking the derivative and 
integral adjustments to maintain the op- 
timum ratio corresponding to the maximum 
derivative action. 

It is, however, apparent from the con- 
tinual improvements in the design of the 
pneumatic controller that the manufac- 
turers recognise the need for improving 
the stability and ease of setting of the 
controller adjustments. Advances in appli- 
cation technique and the requirements of 
greater precision in control make increasing 
demands on the need for stability of 
calibration and reproducibility of the 
integral and derivative action generators. 
It is in this direction that the major 
advantages of the new electrical con- 
trollers lie, since this stability and repro- 
ducibility should be more easily provided 
by electrical components. 

Nevertheless, the pneumatic controller, 
free from any flame-proofing requirements, 
with ample power to operate all but very 
large or high-pressure valves, and with 
fittings that can be neatly assembled into 
standard panels and also into the newer 
graphic panels, is still capable of meeting 
all the present needs of process control. 
This state of affairs is likely to continue, 
and it is generally felt that the pneumatic 
controller will maintain its present pre- 
dominance for some time to come. 

In the post-war years many of the early 
types of controller developed before the 
war have been remodelled and their per- 
formance improved. There have also been 
several new instruments, some of which 
differ quite radically from their predeces- 
sors. In this article three of these newer 
instruments are described, attention being 
restricted to the three-term instrument in 
each case, although it will be readily 
appreciated that in most cases the simpler 
instruments are also available. 


The ‘ Mark 20’ controller 

This was the first controller of post-war 
design to appear on the British market 
and it is made by George Kent Ltd. The 
controller itself is a pneumatic unit of 
remarkably small dimensions which can 
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3. Constructional details of the ‘ Eltair’ electro- 


pneumatic convertor. 


be installed in any of the standard range 
of Kent measuring instruments. Fig. 1 
shows the unit installed in the Multelec 
potentiometric instrument used for the 
control of temperature, pH, etc. The 
control unit is linked to the measuring 
element by a direct mechanical linkage and 
the operation is illustrated in Fig. 2. The 
basic element is the conventional flapper 
and nozzle system, the flapper being 
linked differentially to the measuring unit 
and the desired value setting by the U- 
members A and B. The movement of 
the flapper is restricted to the throttling 
range of the nozzle (0.0008 in.) by the 
opposing movement of the bellows H sub- 
jected to the controller output pressure, 
transmitted through the linkages 7 and C. 
The. proportional band is changed by 
altering the lever ratio of the pneumatic 
feedback mechanism through the quadrant 
linkage G. The range is adjustable from 
I to 650°,, probably the widest range 
available in an instrument of the con- 
ventional pneumatic design. Derivative 
action is generated in the usual way by 
a restriction in the air line to the feedback 
bellows. Integral action (referred to as 
* floating ’ in the diagram) is generated by 
equalising the pressures across the bellows 
by a second restriction (R), the integral 
side of the bellows being sealed by the 
diaphragm D, through which the bellows 
displacement is transmitted. The two 
restrictions are glandless micrometer valves 
which do not form part of the unit but are 
mounted adjacently as shown in Fig. 1, 
the connections to the unit being made by 





Fig. 4. ‘ Trimode’ control unit. 
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flexible air lines. Both micrometers 
are scaled arbitrarily in units of 
needle travel, but can be related to 
the nominal integral and derivative 
action times. The relay valve is 
of the non-bleed type and is com- 
bined with a pressure regulator and 
is mounted externally to the con- 
troller. 

The Mark 20 controller has been 
used very successfully under the 
rather exacting conditions of the 
steel industry, in the control of 
soaking pits and open-hearth fur- 
naces, and has also been applied to 
boiler control and gas producer contro). 


AIR 


The ‘ Trimode’ controller 


This instrument, manufactured by Elliott 
Bros. Ltd., belongs to the newer category 
of controllers which are not connected 
mechanically to a measuring instrument, 
but are located remotely. The manu‘ac- 
turers have in fact referred to the ins'ru- 
ment as a ‘ blind’ controller, the 7rirode 
unit being regarded as a computing device 
which imposes integral and derivative 
components on the output of a simple 
proportional action generator. The unit 
must, of course, be supplied with a devia- 
tion signal from a conventional measuring 
unit, but the transmission may be either 
pneumatic or electrical. In the former, the 
transmitting unit is used with a propor- 
tioning relay which in effect multiplies the 
input pressure by a given amount, the 
proportional band being variable over a 
range of 2 to 400". 

In the electrical transmission sysiem, 
the measuring unit is designed to produce 
an electrical output signal proportional to 
the deviation, and this is supplied to the 
electro-pneumatic convertor (the £/rair 
unit). This unit is shown in section in 
Fig. 3, and consists of a central rod carry- 
ing a moving coil in the air gap of a cylin- 
drical pot magnet. At each end of the rod 
is a ball and cone valve, each being con- 
nected to the same air supply through 
identical restrictors. The unit operates 
on the force-balance principle: the elec- 
trical signal to the coil causes a vertical 
displacement of the rod, thus causing an 
increase in back pressure at one ball valve 
and a reduction at the other until the resul- 
tant pneumatic force re-balances the elec- 
trical displacing force. The total travel 
of the moving parts is about 0.008 in., 
and over about 80°, of the range the 
output pressures are proportional to the 
input current. The unit can thus be used 
as a simple proportional controller by 
feeding the output from either end to a 
control valve, the proportional band being 
varied over a range of 2 to 200", by 
inserting a variable shunt resistance across 
the moving coil. 

When the additional control actions are 
required, the 7rimode unit is used, into 
which the convertors are _ integrally 
mounted, as shown in Fig. 4, where the 
electro-pneumatic convertor is the unit on 
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the variable resistance 
forming the proportional band adjustment 
can be seen below and to the front of the 


the top right; 


convertor. In this case the convertor 
unit is double-ended or ‘ push-pull’ in 
action, the two output pressures being 
fed to the Trimode unit. This is illustrated 
diagrammatically in Fig. 5, and consists of 
a sensitive pneumatic balance whose beam 
is deflected by the difference in the pres- 
sures supplied to the bellows units 1 and 
2 from the convertor. The deflection 
operates a ball valve at C, the back pressure 
of which provides the functional feed- 
back to the balance beam through the 
associated resistances and the bellows units 
3 and 4. To improve the consistency 
of calibration the feedback system is 
hvdraulic, being filled with a silicone fluid 
with a low-temperature coefficient of vis- 
cosity. The output air pressure is trans- 
ferred to this system by the bellows 7, the 
additional bellows, 5 and 6, acting as 
pressure-relieving reservoirs. By com- 
parison with a conventional pneumatic 
controller it can be seen that the bellows 
3 provides in effect a proportional feed- 
back, opposing the displacement of the 
beam, although the proportional band of 
the balance unit is fixed, that of the con- 
troller as a whole being adjusted through 
the convertor unit feeding the bellows 1 
and 2. The restricting valve E will generate 
a derivative action, and the bellows 4 
opposing the motion of bellows 3 provides 
the integral component with the valve D 
the integral restrictor. 

As with the other pneumatic controllers, 
the integral and derivative systems, 
although in this case hydraulic, will exhibit 
inter-action. The control settings, how- 
ever, are mechanically inter-linked and it 
is claimed that the effects of inter-action 
are completely compensated. The deriva- 
tive action adjustment is not, in fact, 
calibrated directly in terms of the deriva- 
tive action, but in the ratio of the two 
actions. Adjustment of the integral action 
will thus change both actions simul 
taneously and maintain the ratio set on the 
derivative adjustment. 

The instrument is also rather unique in 
being of unit construction throughout. All 
the sub-units, including the air relay valve 
and pressure regulator, are plugged into 


a distribution manifold with self-sealing 
plugs, so that any unit can be readily 
changed and maintenance greatly simplified. 


The ‘ Tri-Act ’ controller 


This instrument, made by Short & 
Mason Ltd. and illustrated in Fig. 6, is 
a complete departure from previous prac- 
tice in the design and construction of 
pneumatic instruments. It is the first 
instrument in which the proportional band 
is adjusted by a variable pneumatic relay 
and not by a lever system of variable ratio, 
and the conventional bellows systems are 
entirely replaced by flexible diaphragms 
and the mechanical linkages almost 
completely eliminated. 

The instrument is shown in section in 
Fig. 7; it is non-indicating and must be 
supplied with air pressures in the usual 
standard 3 to 15 p.s.i. range, proportional 
to the measured and desired values of the 
controlled variable. The first necessitates 
a pneumatic transmitter at the measuring 
instrument, the latter being supplied from 
a pressure regulating valve generally com- 
bined with a supervisory instrument of 
the Transet series. These two air pres- 
sures are supplied to the diaphragm cham- 
bers 1 and 2 in the lower part of the 
instrument. It will be seen that the 
exposed areas of the diaphragms forming 
the upper and lower walls of these cham- 
bers are unequal and, consequently, any 
deviation of the measured value causing a 
difference in pressure between the two 
chambers will cause a deflection of the 
diaphragm stack. Equilibrium is estab- 
lished by balancing the upward and down- 
ward forces over the system. The resul- 
tant force due to the deviation may be in 
either direction, and is opposed by the 
upward force of the spring and the down- 
ward force supplied to the chamber 3 by 
the back pressure of the nozzle 4, the 
flapper of which is positioned by the 
movement of the diaphragm stack. Assum- 
ing there is no deviation, the pressures in 
chambers 1 and 2 would be equal, and the 
pressure in chamber 3 would then just 
balance the spring force which is manually 
adjusted to be approximately 9 p.s.i. It 
will be seen that the lower unit is effectively 
a simple proportional generating unit, the 
chamber 3 providing the proportional feed- 
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Diagrammatic arrangement of the ‘ Trimode’ control unit. 
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‘ Tri-Act’ controller. 


Fig. 6. 


back necessary to keep the flapper move- 
ment within the throttling range of the 
nozzle. The restricting valve 5, in the feed- 
back line, will provide a derivative com- 
ponent, but since it is not possible to 
change the ratio of the pneumatic feed- 
back, the proportional band of this unit is 
fixed. The valve 5, in Fig. 7, corresponds 
to the adjustment labelled ‘ Pre-Act’ 
shown on the right of the central block in 
Fig. 6, the term ‘ Pre-Act ’ being equivalent 
to ‘ Derivative.’ 

The variable proportional band of the 
instrument is derived from the pneumatic 
relay valve mounted immediately above the 
first-stage unit. The output pressure from 
the first unit, the back pressure of the nozzle 
4, is passed through the capillary restriction 
6 to the diaphragm chamber 7 and through 
the needle valve 10 to the upper unit of 
the instrument. Assuming that this valve is 
closed, any change in the output from the 
lower stage is completely imposed on the 
diaphragm 7, causing a maximum change 
in the back pressure of nozzle 8 and a 
maximum change in output through the 
line 9. The instrument is thus operating 
at a very narrow proportional band and, 
if the system is followed through to the 
air relay valve 13, it will be found to give 
effectively on-off control. Assume now 
that the valve 10 is opened to an inter- 
mediate position and that a similar change 
in back pressure occurs at the nozzle 4, 
this pressure now begins to leak through 
the valve 10, resulting in a smaller pres- 
sure change in the line 9 than occurred 
when the valve was closed. The propor- 
tional band has thus been effectively 
widened, or the sensitivity or ‘ gain’ of 
the system reduced. It is interesting to 
consider the effect of completely opening 
the ‘ gain’ valve 10 so that it affords no 
restriction to the flow of air. It can be 
seen that theoretically this would mean no 
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change in the output pressure irrespective 
of any changes in the output from the 
lower unit, i.e. an infinitely wide propor- 
tional band or zero gain. This is not, of 
course, possible in practice, but the in- 
strument is capable of generating a pro- 
portional band very much wider than any 
instrument of conventional design, of the 
order of 5,000°%. 

The final stage of the circuit is provided 
by the upper unit: the output of the 
proportional unit is fed to the chamber 11, 
whose diaphragm is displaced against the 
spring pressure, thus varying the back 
pressure of the nozzle 12. This pressure, 
fed to the chamber 14, controls the output 
of the relay valve 13, either admitting air 
from the supply through the lower port 
or venting air to atmosphere to the upper 
port. The relay valve output is passed 
directly to the control valve and also to the 
chamber 15 as proportional feedback with, 
as in the lower diaphragm stack, a fixed 
proportional band. The chamber 16 
opposes the proportional feedback and 
thus provides the integral or ‘reset’ 
action. This chamber is connected to the 
capacity chamber 17 and through the 
needle valve 18 (the ‘ reset ’ valve in Fig. 6) 
to the controller output. This integral 
feedback may be derived by a connection 
to the controller output within the in- 
strument itself, or externally from the 
control valve when the instrument is used 
with an ‘ automatic-to-manual’ change- 
over unit. The action of the whole in- 
strument can be reversed very simply by 
changing the connections of the measured 
and desired value pressures; this is 
accomplished by reversing a plate on 
the bottom of the controller manifold 
which changes the internal connections 
directly. 

It will be seen that the operation of the 
unit is also a departure from conventional 
practice. The controller operates with 
three proportional bands, two of which 
are fixed, and the derivative and integral 
actions are associated with different bands. 
In particular it should be noted that the 
integral action is combined with the last 
proportional band to be generated; it does 
not, therefore, ‘ reset’ the other two bands, 
one of which is combined with the deriva- 
tive action. This order of operation does 
not eliminate the effects of interaction; 
the controller operating equation can be 
shown to exhibit an inter-action factor, and 
the nominal action times can be related to 
effective times. The method of operation 
does, however, lead to a significant im- 
provement in the quality of control when 
the instrument is used during the starting 
up of a process. With a normal controller 
using integral action, severe over-shooting 
of the desired value will occur due to the 
* re-setting ’ of the proportional band above 
the desired value. In the present case, 
only the final proportional band is ‘ reset’ 
and the over-shooting is considerably 
limited, without, however, impairing the 
quality of control after starting up. This 
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Fig. 7. Sectional diagram of the ‘ Tri-Act’ 
controller. 


aspect of the operation has been discussed 
in greater detail by Clarridge.* 

It will be appreciated that the 7ri-Act 
controller is essentially a three-term in- 
strument and is not adaptable to the 
simpler forms of control. An interesting 
development of this instrument is the 
Bi-Act controller, which, as the name 
suggests, is a dual function controller, 
proportional-plus-integral, and of similar 
diaphragm stack construction. The unique 
feature is that the two control action 
adjustments are combined in a single 
needle valve, adjustment of which increases 
the integral action and widens the pro- 
portional band simultaneously. To set the 
controller to the process it is thus only 
necessary to make this one adjustment 
until a suitable degree of stability is 
obtained. The Bi-Act controller is not, 
however, yet in production for the British 
market. 
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Both these instruments are control units 
of the Transet series of instruments, and 
can be used with a variety of transmitting 
and supervisory instruments which are 
particularly intended for use on the 
“ graphic’ type of control panel, to which 
further reference will be made in a later 
article. 


Electrical controllers 


Until very recently electrical process 
controllers have been confined to opera- 
tions where discontinuous modes of con- 
trol, 7.e. two- or multi-position or fixed- 
speed floating control, could be used. 
These types of action only require the 
addition of switching contacts into the 
measuring instrument. It is also rela- 
tively easy to generate a proportional action 
electrically, but is much more difficul: to 
generate integral and derivative actions 
with the relatively very long time constants 
(of the order of several minutes) required 
for process control. Several ingenious 
mechanisms were developed before the 
war to generate these actions, but duc to 
their complexity and the general objection 
of flame-proofing requirements, the e!ec- 
trical instruments have never been regar ied 
as serious competitors to the pneumatic 
controllers. 

However, with the recent improvements 
in electrical techniques, particularly in the 
related field of servo-mechanisms, and the 
improved design and stability of com- 
ponents such as condensers, etc., an all- 
electric three-term controller can now 
compete effectively with the pneumatic 
controller, having in fact several advantages 
over the latter. These advantages include: 

(1) The complete elimination of signal 
transfer lags over virtually any distance. 

(2) All the control adjustments are made 
on wire-wound voltage dividing resistors, 
which can be calibrated with high accuracy 
and reproducibility. 

(3) The adjusting resistors can be 
removed from the controller proper and 
mounted separately on a control panel, 
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Fig. 8. Simplified circuit diagram of the ‘Mark Il’ electronic controller. 
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etc., the controller being mounted in 
standard electrical component racks and 
connected by multi-core cables. 

(4) The control actions within the 
instrument are entirely independent -of 
each other and there is no inter-action. 

(5) The electrical components of the 
controller can be linked readily by plugs 
and sockets, so that for servicing, replace- 
ment units can be plugged in and the 
‘ out-of-service’’ time cut to a minimum. 

(6) The measured value of the controlled 
variable is transmitted as an electrical 
signal; it can therefore be subjected to 
such manipulation as extraction of the 
square root or addition to other similar 
variables by standard electrical techniques. 

The electrical method of control does 
in fact compare very favourably with the 
pneumatic, except in one respect. There 
is as yet no electrical equivalent to the 
pneumatic diaphragm valve. It is very 
probable that the success of the pneumatic 
controller has been due in no small part 
to the efficiency and simplicity of the 
diaphragm valve. Until an electrical unit 
competitive in every way can be pro- 
duced, there seems no alternative to the 
obvious choice of the pneumatic valve as 
the process regulating unit. This means 
that with the present electrical controller 
it is necessary to use an electro-pneumatic 
positioner to operate a conventional pneu- 
matic valve as the final regulating unit. 
The system is not then completely elec- 
trical, a supply of compressed air being 
still required, and this may possibly be 
a major disadvantage to the smaller factory 
where a suitable air supply is not already 
available. 


The electrical three-term controller 

The only electrical three-term in- 
strument at present on the British market 
is that manufactured by Evershed & Vig- 
noles Ltd. The operating signals used 
throughout for indicating, recording and 
controlling are small D.C. currents vary- 
ing from o to 30 mA for the full range-ef 
the measured quantity. A special trans- 
mitter is required for each variable to be 
measured, but they all work on the same 
principle, that of the Evershed electronic 
repeater. The mechanical torque of the 
measuring element is opposed by the 
magnetic couple exerted by the anode 
current of a triode valve, whose grid bias 
is varied by any deflection of the measur- 
ing system in such a manner as to maintain 
a continuous force-balance in the system. 
The electronic unit is generally separated 
from the transmitter and brought into the 
control room, being connected by a five- 
core cable. The operation is entirely in- 
dependent of line resistance and changes 
in the mains voltage or frequency. Indicat- 
ing or recording is accomplished by in- 
cluding in the anode circuit at any con- 
venient point either a milli-ammeter or a 
known resistance across which a potential 
drop can be measured potentiometrically. 

The schematic circuit of the controller 
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Electronic process controller. 


is illustrated in Fig. 8. The current /,,, 
proportional to the measured quantity, is 
obtained from the electronic unit of the 
transmitter, which is actually included in 
the controller, but not shown in the 
diagram. This current is passed through 
the indicator 1, and one coil of the double- 
coil unit 2, a movement of which varies 
the light distribution on the photo-cells 
in the grid circuit of the valve 4. Passing 
through the same coil of the unit 2 but in 
opposition to J,, is a current J, propor- 
tional to the desired value, and derived 
from a second electronic repeater unit (not 
shown) which serves as a current stabiliser. 
Adjustment of the desired value is by a 
wire-wound variable resistance in the 
output of the repeater unit. The resultant 
current in the first coil of the movement 2 
is thus J,,-J, or Jo, 1.e. proportional to 
the deviation of the controlled variable. 

The photo-cells of the movement 2 
control the grid voltage of the valve 4, 
whose anode current is fed back through 
the second coil of the movement in 
opposition to a fixed current from the 
potential source 5. The resultant current 
I, can thus flow in either direction and is 
arranged to be zero when J, — J,, so that 
the current in both ,coils is zexo when 
there is no deviation. The current /, 
also passes thiough the regulating unit and 
io the circuit, as so far described, J, is 
equal to 7, and the proportional band will 
be roo! By fitting a differential shunt 
3 across the two coils of movement 2, 
the band width can be varied in theory 
from zero to infinity and in practice from 
2 to 600”... 

Integral action is derived from the 
second moving coil unit 6, which is in 
series with the regulating unit and thus 
carries the current /,, proportional to 
deviation. Deflection of this unit causes 
an unbalance of the photo-cell bridge unit 
by changing the light distribution. The 
unbalance current of the bridge is used to 
charge the large condenser Io in the grid- 
cathode circuit of the valve 12. The 
voltage developed across a condenser is, 
of course, the integration of the charging 
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current with respect to time, and thus the 
anode current passed by the valve will be 


Ijx [Ipdt or [Odt. This anode current is 


passed through the regulating unit in the 
same manner as the proportional current 


ps 

The photo-cells are of the vacuum type 
and above the saturation voltage are in- 
sensitive to voltage changes. They thus 
behave as current sources and the in- 
tegration rate is independent of the state 
of the condenser charge. The voltage 
across the condenser is thus a true integral 
of the deviation; the integral action time 
is a measure of the rate of integration and 
is adjusted by varying the light supply to 
both photo-cells through the resistance 11. 

Derivative action is generated by using 
the voltage drop across a variable resistance 
7 in the proportional current circuit to 
charge a large condenser 8, through a fixed 
resistance 9 of 50 megohms. Any change 
in the current J, through the resistance 7 
will produce a charging current in this loop 
and hence a voltage drop across the resis- 
tance 9, which will be proportional to the 
rate of change of /, and thus to the rate of 


dl, - d) 
dt dt 


The resistance 9 is also in series with 
the integral condenser 10 in the grid- 
cathode circuit of the valve 12, and thus 
the anode current of the latter will also 
contain a component proportional to the 
rate of change of deviation, the propor- 
tionality (action time) being controlled by 
the variable resistance 7. The total current 
passed to the regulating unit will thus be 
the sum J, + J; + Ja, giving the required 
three control actions. 

The controller is illustrated in Fig. 9; 
in addition to the adjustments for desired 
value, proportional band, and integral and 
derivative action times, which are cali- 
brated in appropriate units, a miulti- 
position ‘ auto-manual-service ’ switch and 
a manual control are also provided. A very 
useful feature of the instrument is the 
means of ensuring a ‘ bumpless’ transfer 
from manual to automatic control. This 
is done by passing the controller output 
current, when on manual control, through 
a dummy load, and comparing this output 
current with the manually-set current to 
the regulator, by passing the two currents 
in opposition through a second coil of the 
movement 6 (not shown in Fig. 8). Any 
difference between the two currents will 
cause an extra deflection of the moving 
coil and a change in the integral component 
until the two currents are equalised. Thus 
at all times the controller output current 
is held equal to the manually-set current 
feeding the regulator and on changing to 
automatic control there can be no sudden 
movement of the regulator. The indicator 
on the controller displays the controller 
output current at all times for direct com- 
parison to the scale of the manual control 

(Concluded on page 434) 


change of deviation, i.e. V x 
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Industrial Electrodialysis Cell 


Electrodialysis is the diffusion of electrolytes through a membrane, accelerated by the application of a direct 
electric current, resulting in the accelerated dialysis or purification of a colloidal solution. This process finds 
practical application in the desalting of solutions, for example whey, molasses, pepsin, salt water, etc., but until 
recently has presented a number of difficult problems when operated on an industrial scale. An improved 
electrodialysis cell for industrial applications was developed by the Dutch Centra! National Council for Applied 
Scientific Research as the result of work initiated by Ir Jan Al, the Council’s director, during the war. At 
that time particular importance was being attached to the desalting of crude pepsin solutions in the production 
of pepsin. This cylindrical electrodialysis cell operates on the same principle as the conventional flat cell and 
has been built and operated on pilot-plant scale. Below is a technical description giving details of the basic 
design, materials of construction, inherent advantages, practical difficulties and potential applications. 


Electrodialytic desalting 
HE problems involved in the desalting 
of solutions on a commercial scale 
depend mainly on the character of the 
solutions. Solutions can be divided into 
four groups containing as follows: 

(a) inorganic salts (sea water, spring 
water) ; 

(6) low-molecular organic matter in true 
solution, apart from inorganic salts 
(hydrolysed proteins, sugars) ; 

(c) colloidal substances, apart from in- 
organic salts (pectin, sera, ferments, 
crude pepsin) ; 

(d) colloidal substances, apart from in- 
organic salts and low-molecular 
organic matter in true solution 
(whey, molasses). 

In the latter two groups, distinction is 
made between aqueous solutions with col- 
loidal impurities, and those intentionally 
colloidal. For example, molasses contain 
mainly sugar and salts contaminated with 
colloidal substances, which form an objec- 
tionable impurity in the further processing 
of the molasses. On the other hand, in 
whey or casein the colloidal substances 
(proteins) constitute a valuable component. 

In the first case the problem can be 
solved by removing the colloidal substances 
in one way or another; in the other case 
the colloidal substances must be retained 
unchanged by preventing denaturation as 
far as possible. In the case of groups (c) 
and (d) salts may be present as ions or 
bound by absorption on the colloids and, 
in this latter case, desalting problems are 
considerably more difficult. In desalting 
liquids, it is general practice to remove the 
salts in such a way that nothing or little of 
the substances being treated will be lost. 

The electrodialysis process is suitable 
for desalting all four groups of aqueous 
solutions and it does not introduce as much 
risk of denaturing colloids as does desalting 
by ion-exchangers. The possibility of main- 
taining the pH of the solution within 
narrow variable limits by the method 
developed by A. J. Kwak, a member of 
the Council’s research team, has a great 
advantage, e.g. in the desalting of sugar- 
containing solutions, since it prevents both 
inversion of the sugars at low pH values and 
certain chemical changes at high pH values. 


428 


Compared with the conventional dialysis 
process, electrodialysis is a much more 
rapid desalting operation, thus also reduc- 
ing the loss of the dialysate to a minimum. 
Some losses, due to normal dialysis pheno- 
mena, also occur with the electrodialysis 
process, but these are limited to very small 
amounts. 

General rules cannot be given for the 
electrodialysis process, since the optimum 
conditions must be determined for each 
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Fig. |. Improved cylindrical electrodialysis 
cell. A= Anode. B — Cathode. C — Cathode 
heads. D Inlet and outlet for cathode 
rinsing liquid. E Inlet and outlet for 
dialysate. F Inlet and outlet for anode 
rinsing liquid. G — Wire springs to fasten 
anode membrane. H = ‘Vinidur’ lids. J 

Cylindrical steel anode heads with circular 
inlet or outlet for anode rinsing liquid. 
L Supporting gauze for cathode mem- 
brane. M, N = Sealing rings. O — Anode 
rubber lining. P — Cathode rubber lining. 
Q@ — Rubber packing. R = Anode terminals. 

S = Cathode terminals. 


single liquid being processed. Until now 
the electrodialysis process had not b:en 
used on an industrial scale, as all former 
results appeared unsatisfactory. It .lso 
presented considerable technical difficul- 
ties, for example the corrosion of anodes 
and membranes. In addition, the high 
energy consumption per unit of subst«nce 
at a certain degree of desalting was, vatil 
now, a considerable disadvantage. 

The electrodialysis desalting process vas 
not previously developed to a degree that 
warranted its applicaticn in chemical tech- 
nology. On the other hand, it has been 
widely applied on a laboratory scale in 
other fields of science, particularly in 
colloid chemistry and biology. 


Problems incurred in investigations 
The original purpose of the investiga- 
tions was to discover a method of producing 
more rapid dialysis. Acceleration of dialysis 
by application of electric current was 
already known. Maintenance of a given 
PH in the dialysate during operation, how- 
ever, presented difficulties, while energy 
consumption was also very considerable. 

By changing the composition of the 
rinsing liquids, Kwak succeeded in main- 
taining pH values of the dialysate within 
narrow limits. The results he obtained 
indicated that the electrodialysis process 
was of interest for desalting other liquids. 

Loss of substances that are an integral 
part of the product must be limited as far 
as possible. Losses can be due to (I) 
precipitation on the membrane, (2) inver- 
sion of sugars, denaturing of proteins not 
due to coagulation and (3) losses through 
the membrane.. The losses mentioned 
under (1) and (2) are closely connected 
with the pH value of the dialysate; the 
losses mentioned under (3) are due to 
dialysis that always occurs when mem- 
branes are used. The quantity lost in this 
way depends mainly upon the composition 
of the solutions to be treated, upon the 
membrane, and soon. The entire problem 
is complex. 

If losses due to dialysis are small, in- 
crease in current density is negligible; but 
with heavy losses, the change in current 
density has an effect. An increase means 
higher energy consumption and _ heat 
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generation; both rise in proportion to the 
square of the current. The increase in heat 
must be compensated to prevent difficulties 
in operation, e.g. by heat degradation of 
proteins in the dialysate compartment. 


The cylindrical electrodialysis cell 


Investigations into the requirements of 
electrodialysis apparatus for commercial 
use led to the development of a cylindrical 
electrodialysis cell. In principle the con- 
struction of a cylindrical cell corresponds 
with that of the flat cell. Like the latter 
there are three compartments, bounded 
and separated by electrodes and mem- 
branes. With the cylindrical cell, however, 
one of the electrodes is the outer wall of the 
cell. This wall must be rigid enough to 
fulfil all mechanical requirements. From 
a practical point of view a magnetite-lined 
stee! anode tube was selected for the outer 
walls, since an inner magnetite layer 
turned out to be less porous and more 
closely adhering to the steel outer wall. 

The magnetite layer is formed on the 
inner surface of a tubular steel anode by 
means of high-temperature steam. It must 
have a thickness of at least | in. Less 
thickness would give a layer too porous 
to prevent the outer steel wall from cor- 
rosion by the acid anode rinsing liquid. 
The steel tube itself has a wall thickness of 
t in. Up till recently these electrodes 
could only be prepared in lengths of 14 in. 
each; further practice and experience, 
however, enabled 3-ft. lengths to be 
manufactured. Prior to the treatment by 
which the magnetite is formed, the inner 
surface of the anode steel tube must be 
accurately machined on a lathe. 

At both ends of the tubular anode, 
cylindrical steel heads are connected, each 
provided with a circular inlet or outlet for 
the anode rinsing liquid. The inner sides 
of the heads are rubber-lined to shield the 
metal from corrosion and to facilitate a good 
closure between the heads and the anode 
tube. 
packing grooves have been cut in the fitting 
metal parts to prevent the rubber from 
being pressed out. The anode membrane 
is fastened to the rubber cover by means 
of stainless steel wire springs. A Saran 
gauze hose is used to stiffen the membrane 
as well as to keep it at the desired distance 
from the anode. 

The anode heads are sealed with Vinidur 
lids, each with an inlet or outlet for the 
dialysate, holding the cathode steel heads. 
With the aid of the Vinidur lids the 
cathode membrane is also accurately fixed 
with regard to the anode. The tubular 
cathode may be seen (Fig. 1) in between 
the cathode heads, the axes of which 
coincide with that of the anode tube. The 
cathode tube has been accurately turned 
externally, its outer diameter being 18 mm. 
smaller than the inner diameter of the 
magnetite-lined anode tube. 

The anode tube has also been made of 
steel, although this is a disadvantage since 
steel is liable to corrode when the apparatus 
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Fig. 2. 
apparatus for batch or continuous operation 


The experimental electrodialysis 


in one desalting stage. It has been used for 


‘ pilot-plant investigations and has proved 


suitable for continuous operation. Cooling 
has only been applied to the dialysate circuit. 


is out of use. Iron hydroxide must not be 
present in the rinsing liquid since it may 
be precipitated on to the membranes and 
thus cause a considerable decrease in the 
mechanical strength of the membranes and 
other parts of the apparatus. To prevent 
corrosion, the cathode space is always 
filled with an alkaline solution as soon as 
the apparatus is out of use. Although this 
suffices in the experimental stage, it is 
advisable to use nickel-plated-steel cathode 
tubes, which are not attacked by acids, for 
industrial equipment. 

Steel discs have been inserted in the 
cathode tube and are welded to seal the 
inside of the tube. The cathode rinsing 
liquid then flows from the supply connec- 
tion at the top head and through a ring 
of holes to the outside of the cathode tube 
and membrane. The cathode heads to 
which the membrane is fixed are also 
rubber lined. The membrane is kept at 
the correct distance from the steel tube 
by means of rods fixed between the cathode 
heads and tube. 

The space between the anode and 
cathode membranes is for the dialysate. 
Metallic parts in contact with the dialysate 
are of stainless steel or resin-coated steel. 
The resin also acts as insulating material. 

The dialysate is supplied via the com- 
partment between the cathode heads and 
the outer cylinder. Appropriate connec- 
tions are fitted in the Vimidur lids. Regular 
supply of the dialysate is insured by the 
shape of the compartment. Metal strips 
and a clamp are attached to the anode and 
cathode respectively for the electric supply. 
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Cell dimensions 


The apparatus has been designed to 
comply with commercially available Cello- 
phane membrane bags, having a diameter of 
4-5 in. and 5.5 in. Since the diameters of 
the membranes in the cell differ only by 
18 mm. the cathode membrane diameter 
has been adapted to the available bag size, 
whereas the anode membrane has to be 
stretched up to the required diameter. 

Since the actual distance between the 
electrodes amounts to only 9 mm., the 
widths of the dialysate compartment and 
the rinsing compartment are less than } in. 
each. The length of the electrodialysis 
cell is determined by the dialysate, par- 
ticularly by its viscosity, as the pressure 
required to give the dialysate sufficient 
speed to traverse the dialysate space, is 
limited. The Cellophane membranes can 
withstand a maximum pressure of 6 atm. 
The optimum length of the electrodes 
must still be determined in practice. The 
thickness of about } in. of the three com- 
partments in the cell appeared to be 
favourable. Pressures applied to circulate 
the liquids vary from 0.3 to 0.5 atm. with 
the treatment of a dialysate having a vis- 
cosity value of about 2 cp. With less 
viscous liquids, smaller space thicknesses 
are considered, for example in the case of 
desalting sea or spring water. 


Comparison with the flat cell 

Electrodes. The cylindrical shape is 
more rigid than the rectangular or flat 
form, so that with the former, variations 
in the distance between cathode and anode 
do not occur so easily. Production of a 
smooth and regular surface is much easier 
with the cylindrical cell, since it can be 
machined on a lathe. It is also more 
economical and easier to put a sound 
magnetite layer on a cylindrical electrode. 

Liquid flow and membrane damage. 
The flat cell is less advantageous than 
the cylindrical cell from the viewpoint of 
liquid flow. With the former the long and 
narrow side-walls adversely affect the 
regular distribution of flow speed, even 
when the liquid is supplied regularly. 
Thus the tension of the membranes be- 
comes irregular and finally results in 
damage at the rims. With pressure dif- 
ferences at both sides the membranes will 
always bend outwards to some extent. 
Such pressure differences are unavoidable 
in practice. 

To fix the membrane it must be pressed 
against the tubular frame of Saran gauze. 
A symmetric rotational liquid supply dis- 
penses with centring elements in the cell. 
Since the membrane is uniformly spaced 
from the electrode along the whole length, 
the current density along the membrane 
will also be the same value at any height. 
That this is not the case in the flat electro- 
dialysis cell may be demonstrated by 
colouring the anode membrane with 
methylene blue. 

Insulation. In each electrodialysis cell 
anode and cathode insulation is of great 
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importance. Contact between the anode 
and cathode rinsing liquids is practically 
impossible in the cylindrical cell. Such 
contact would only be possible through 
the Vinidur lids and the rubber linings. 
Apparatus with enlarged membrane 
surface. The membrane surface of the 
cylindrical electrodialysis cell can be in- 
creased by using a larger number of cells. 
The application of elongated cells or of 
cells having a larger diameter appears to 
be limited. With multiple cells electrical 
connection in series is appropriate. 


Constructional materials 


Account must be taken of the liquids in 
contact with the materials, as well as 
electro-chemical effects, in the selection of 
suitable constructional materials for an 
electrodialysis apparatus. The cathode 
rinsing liquid is alkaline and is therefore 
relatively non-corrosive. Thus a con- 
siderable number of materials can be used 
as cathode. 

The dialysate presents few difficulties 
regarding the choice of suitable materials, 
although the use of special steel or alloys, 
for example stainless steel, is often advis- 
able. High demands, however, are made 
upon the constructional materials for parts 
that come into contact with the anode rins- 
ing liquid. This liquid is acid and may be 
highly corrosive if special precautions are 
not taken. 

The electrodes. Since the graphite 
electrodes proved to have some disadvan- 
tages, use was made of magnetite elec- 
trodes. As magnetite electrodes of the 
desired dimensions were not available com- 
mercially, the investigators specially pre- 
pared magnetite-lined steel tube electrodes 
themselves. Magnetite is considered par- 
ticularly suitable for chloride electrolysis, 
since with this little or no acid is generated 
at the anode. 

A large number of various constructional 
materials are resistant to alkalis. Steel 
and nickel are both suitable. Steel is the 
cheaper material, but nickel resists cor- 
rosion even when the apparatus is out of 
use and the use of nickel-plated steel is 
suggested. 

Membranes. An essential part of the 
electrodialysis apparatus is the membrane. 
Cellophane was selected from _ various 
materials that were tried for this purpose, 
although it tends to deform under wet 
conditions. The latter disadvantage was 
overcome by supporting the Cellophane 
bag with a Saran gauze hose. The Cello- 
phane bag must have a thickness of at least 
120 microns. Saran gauze proved the best 
of all the membrane-supporting materials 
tried. This material, a vinyl chloride and 
vinylidene chloride fibre, has already been 
in continuous use for over half a year and 
is still undamaged. 

With the desalting of whey it became 
apparent that chemical attack on the anode 
membrane exceeded expectations. This 
was presumably due to the formation of 
carboxyl groups in the cellulose. In the 
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Fig. 3. Electrodialysis cells for continuous desalting of solutions in three stages. 
In the foreground can be seen the control panel, showing three voltmeters for 
indicating the voltage at three stages, as well as various switches for pH and 


resistance measurements. 


The tops of tke cells pass through the platform. 


The ammeter is seen immediately above the panel. 


The equipment shown also 


includes dialysate, rinsing ticuid and metering pumps, rinsing liquid containers 
de-gasing vessels (two to each stage) and dialysate expansion vessels. 


desalting of whey and many other liquids 
restriction of attack on the membrane is 
essential to decrease processing costs. 
During the desalting of water, effective 
protection of the membrane is a vital con- 
dition. This may be accomplished by 
blowing air through the anode rinsing 
liquid, in the ceil or in a special vat. Thus, 
aerating the anode rinsing liquid to lower 
the chlorine concentration seems the most 
favourable way to prevent membrane 
corrosion by hypochlorous and related 
compounds formed in the cell. 


Present applications of electrodialysis 


In the Netherlands an electrodialysis 
apparatus has been developed by the in- 
vestigators for the pilot-plant scale desalt- 
ing of aqueous solutions, e.g. the desalting 
of whey. Results of fundamental research 
in this field have been described in brief 
in Food Manufacture, September 1951, p. 
355- 
Much attention has been, and still is, 
paid to the desalting of water, especially 
in some countries where the drinking- 
water supply has, or soon will, become 
a major problem, for example the Nether- 
lands, U.S.A. and some Caribbean isles. 
In other countries similar considerations 
apply to irrigation water which could be 
economically prepared from brackish water. 

The waste products, e.g. whey, molasses 
and stick-water, from many process indus- 
tries such as dairy plants, sugar mills and 
fish processing plants contain salt, apart 
from other, often more valuable, con- 
stituents. Isolation of the latter con- 
stituents, e.g. proteins from whey and 
sugar from molasses, may be economically 
sound; so may the desalting of other 
effluents. Furthermore, the use of electro- 


dialysis for effluent treatment may be 

instrumental in preventing the increasing 

pollution of waterways. Various other 

applications are still under investigation. 
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Copper production. In response to 
many requests from teachers and students, 
a booklet has been published by the Copper 
Development Association which explains 
briefly and simply how commercial copper 
is derived from the original ore by mining, 
dressing, smelting, refining and fraction- 
ating. Copper ore deposits occur in a wide 
range of types, several frequently being 
found even within a single mine; and as 
each type of deposit presents its own prob- 
lems of mining and extraction, the methods 
of treating the ores necessarily differ 
widely. Nevertheless, there is a general 
sequence of operations through which 
most copper ores must pass. Within the 
limits of this booklet all that can be done 
is to outline this sequence, it being under- 
stood that the details will differ from one 
plant to another. Available free on appli- 
cation to the Association, this booklet is 
admirably produced and contains a number 
of excellent illustrations. A map shows 
the distribution of copper ores in the 
principal producing countries of the world. 


CHEMICAL & PROCESS ENGINEERING, August 1952 








tita 
the 


CH 








ag 
er 


en 


he 
ift, 


ey 
er 


‘ich 
the 
one 
ler- 
one 
pli- 
t is 
ber 
ows 
the 
rid. 


952 





Chemical Engineering Review 





METALLURGY 


Titanium, zirconium and other new metais; chromising ; 
cold extrusion and non-destructive testing 


By H. A. 


NON-FERROUS 

Titanium 

ITANIUM and its alloys continue to 

attract a great deal of research and 
investigation. Although their industrial 
application is still very much in its infancy, 
Church' considers that titanium will 
* mature’ at a much faster rate than either 
aluminium or magnesium. The aircraft 
industry is obviously the largest potential 
user of these materials and possible uses in 
this sphere have been reviewed.* As 
titanium is stated to be the only high 
strength material known for which the 
stress cycle curve in a salt water corrosion 
fatigue test closely approaches that for 
tests in air, the naval applications meérit 
investigation, and details have been pub- 
lished of the work being undertaken by the 
U.S. Naval Experiment Station.’ 

Taylor' tested the acid-resistance of 
tantalum, niobium, zirconium and titanium 
and found that tantalum was superior to 
both zirconium and titanium; however, all 
were rapidly attacked by hydrofluoric acid. 
The mechanism and rate of dissolution of 
titanium in hydrofluoric acid has been 
studied by Straumanis and Chen,® who 
suggest that it is probably an electro- 
chemical process based on the activity of 
local elements. General details have been 
published on the hot and cold workability 
of the metal and its alloys.*:’ From the 
point of view of hot working, McPherson 
and Fontana* have prepared and studied 
titanium-chromium alloys. They found 
that alloys containing o to 20°,, Cr were 
forgeable, the addition of 13 to 18°, 
chromium almost doubled the strength of 
the titanium, and above 16°,, chromium 
the oxidation resistance was greater than 
that of titanium. The alloys were un- 
suitable for high temperature stress applica- 
tions, however, as they had low hot- 
hardness and poor stress rupture properties. 
The impact strength of titanium and a 
chromium base alloy (4 to 6°,, Cr; 3.1°, 
Al; 0.49°,, C; 0.022°,, N) was examined 
by Pitler and Jaffe® over the range -320°F. 
to 1,470°F. 

On the purely academic side, research 
has been carried out on the optical 
emissivity'® and electrolytic polishing of 
titanium; the effect of the elements of 
the first long period"? and the rate of cool- 


CHEMICAL & PROCESS ENGINEERING, 


Holden, M.Sc., A.R.C.S., D.1.C., A.I.M. 


ing’ on the «= transformation; the 
evaporation of %-titanium between 1,650 
and 1,810°K;" alloy systems with copper," 
iron,'*!’7 aluminium,'* chromium,'’ sili- 
con,”’ 0 to § at —°,, oxygen,”' molybdenum 
and niobium;** alloys prepared by powder 
metallurgy,”* and the application of hydro- 
gen equilibrium-pressure measurements to 
the investigation of titanium alloy systems.”* 
The stability and chemical reactivity of 
titanium nitride and carbide have been 
studied* whilst a report on the explosibility 
of titanium, zirconium, thorium and 
uranium and their hydrides has been 


‘ published by the U.S. Atomic Energy 


Commission.** 


Zirconium 


Although titanium is now so prominent 
in non-ferrous metallurgy, a great deal of 
interest is being shown in zirconium and 
other ‘ less common’ metals. For example, 
during the past three years the U.S. 
Atomic Energy Commission has published 
four reports comprising a total of 88 pages 
dealing with zirconium alloys*’.** and 
their formation by powder metallurgical 
methods.”**° In the latter connection, 
studies of the properties of the sintered 
metal have shown that zirconium is suit- 
able for fabrication by powder metallurgical 
methods and that the use of the hydride 
powder has advantages over the metal 
powder.*" 

The properties, applications and pro- 
duction in the U.K. of the metal and its 
alloys have been reviewed by Miller**.**.°4 
and the working of ductile zirconium has 
been discussed by Hayes, Dilling and 
Robertson.” Of the alloys, those with 
magnesium have very high strength: weight 
ratios, and they are finding increasing in- 
dustrial use.** Sauerwald has reviewed the 
extrusion and forging properties of these 
alloys*’ and it has been found that alloying 
additions of small amounts of the rare 
earth elements simplify their foundry 
handling; a typical example being EK 30 
(2 to 4°, rare earths, 0.1 to 0.4°,, Zr).* 
The mechanical and oxidation resistance of 
binary alloys containing Hf, Ti, Al, Ta, 
Nb, W, Mo, Cu, O or N have been in- 
vestigated by Litton.** Nitrogen and 
oxygen both improved the ductility, but in 
general the alloys were found to be less 
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resistant to oxidation than the commercially 
pure metal. 

Another lengthy U.S. Atomic Energy 
Commission Report (43 pp.)*’ deals with 
preferred orientation in zirconium," whilst 
other investigators have reported the re- 
sults of research into the heat capacities and 
entropies of the metal, its nitride and 
tetrachloride;** attempts to electrodeposit 
the metal and its alloys;** metallography ;“ 
permeability to hydrogen;** reaction with 
hot ionized gases;“° and grain growth and 
recrystallisation properties.*” 


Other less common metals 


Some indication of the rapidly widening 
scope of non-ferrous metallurgy is given by 
the following very brief details of recent 
work carried out on molybdenum, beryl- 
lium, vanadium and thallium, etc. 

A technical note (75 pp.) issued by the 
U.S. National Advisory Committee on 
Aeronautics** describes investigations on 
the tensile properties of high purity, 
sintered, wrought molybdenum at 980° to 
1,315 C. in protective atmospheres. Ex- 
ceptional tensile, ductility and stress- 
rupture properties are reported, which are 
claimed to be comparable or superior to 
those of temperature-resistant materials 
now in use. At 980°C. the tensile strength 
varied between 25,000 and 33,000 lb./sq. 
in., decreasing to 13,000 to 26,000 Ib./sq. 
in. at 1,315°C. In this country, Corbett 
has published results on the use of molyb- 
denum for metal spraying’® and recom- 
mended procedures for cleaning, electro- 
polishing, metallographic polishing and 
etching the metal are available.*” 

Richards*' has prepared a comprehensive 
review of beryllium and its alloys; Hausner 
and Pinto* have studied the powder metal- 
lurgy of beryllium ; and the U.S. Atomic 
Energy Commission has given details of a 
method for the extrusion of beryllium into 
rods and tubing.®** The extrusion tempera- 
ture is 815° to 1,040°C., and the billet is 
clad in soft iron as a drawing coat. A rod 
reduced by 98.4”, in area gave an ultimate 
tensile strength of 53,000 Ib. sq. in. and 
an elongation of 0.9. 

Vanadium bearing deposits occur in 
Colorado, Peru, N. Rhodesia and S.W. 
Africa and the metal (99.8 to 99.9",,) is 
at present being produced by the Union 
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Carbide and Carbon Corporation. Their 
potential of 100 lb./day has, however, not 
yet been attained.“ The metal is claimed 
to be easily workable with a machinability 
equivalent to that of cold rolled steel. It 
may have possibilities as a spring material 
as it has a good modulus:density ratio and 
a high resistance to sea water and salt 
spray. 

Other miscellaneous items include a 50- 
page information circular from the U.S. 
Bureau of Mines® on the properties, pre- 
paration, sources and uses of thallium and 
its alloys; U.S. Atomic Energy Reports 
of 79 and 92 pp., respectively, on the 
rare earths with particular reference to 
cerium.**,°? 


Aluminium alloys 

The Materials Laboratory, Air De- 
velopment Force, Wright Patterson Air 
Force Base, has released information on 
their new ‘ML’ aluminium casting 
alloy,®*** which is designed for use at 260 
to 315°C. With a nominal composition of 
4% Cu, 2% Ni, 2% Mg, 0.3°> Mn, 0.3%, 
Cr, 0.1° Ti and 0.05°, V, this alloy is 
claimed to possess tensile, creep and stress- 
rupture properties at 315°C. approxi- 
mately 35°, higher than other alloys used 
for elevated temperature service. The 
alloy as cast has a U.T.S. of 14.7 tons/sq. 
in., yield strength of 13.8 tons/sq. in. and 
1.2°, elongation. At 149° and 316°C. the 
U.T.S. decreases to 13.0 and 7.6 tons/sq. 
in. with respective yield strengths of 12.7 
and 6.5 tons/sq. in. 

In Britain, Cook, Chadwick and Muir*® 
have studied some of the high strength 
aluminium-zinc-magnesium wrought alloys 
containing up to 12°, Zn, 3.5°, Mg and 
3° Cu, as well as chromium, manganese, 
iron and silicon in amounts of less than 
1%, each, to determine the most satis- 
factory range of compositions for bulk 
manufacture. They recommend an alloy 
containing 6.5°,, Zn, 1.8°, Mg, 1.5% Cu, 
0.25%, Mn and 0.25°, Cr, and the effects 
of cold work and secondary heat-treatment 
were also investigated to establish con- 
ditions for developing maximum corrosion- 
resistance compatible with high strength 
and reasonable ductility. Some German 
work on the strength of aircraft propellors 
in aluminium-zinc-magnesium alloys has 
been published and the results are given of 
various solution treatments and ageing pro- 
cedures on the mechanical properties of 
forged and extruded billets for aluminium 
alloys containing 2.4 to 3.7°,, Mg, 4.2 to 
5.9", Zn, 0.3 to 0.8°, Mn and small 
amounts of Cu, Si, Fe, V and Ti." T35, a 
medium-strength alloy (22 tons/sq. in.) 
containing 2.75 to 3.25°,, Zn, 1.§ to 1.75°5 
Mg, together with <o.5°,, of Cr, Mn, Fe 
and Si, respectively, has now been in pro- 
duction in France for the past three years 
and is claimed to be very easy to work.” 
Small additions of chromium, vanadium, 
manganese and titanium were added to 
aluminium—6°,, magnesium alloys in an 
attempt to improve their properties for 
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elevated temperature work." These in- 
creased the tensile strength and creep 
resistance at 315°C. 


Corrosion resistance 

A most important paper has been pub- 
lished by Bailey“ describing the result of 
researches carried out over the past 12 
years on the development of copper alloys 
containing 5 to 10°, nickel and 1 to 2% 
iron. These combine the qualities of being 
both easily worked by the coppersmith and 
resistant to corrosion by moving sea water. 
Exhaustive tests were made of resistance to 
impingement attack in moving sea water 
containing air bubbles, supplemented by 
examinations of resistance to attack under 
deposits in stagnant conditions. The most 
important results were: 

(a) The resistance to corrosion of 70:30 
cupro-nickel by moving aerated sea water 
is greatly increased by 0.3 to 1°, iron, but 
iron contents in excess of this increase the 
tendency of this alloy for local pitting at 
areas shielded from oxygen. 

(6) If the iron content is below 1°, low 
nickel content (5 to 10°.) alloys are greatly 
inferior to 70:30 cupro-nickel, but the 
corrosion resistance of such low nickel 
alloys is increased by 1.3 to 2°, iron 
additions so that it is of a similar order to 
that of the 70:30 alloy containing 0.3 to 
0.5% iron. 

(c) The § to 10°, nickel/I to 2°, iron 
alloys offer the optimum resistance to sea 
water corrosion when quenched from 850 
to 950°C. This resistance is reduced, 
particularly in contaminated waters, by 
annealing at, or slowly cooling to, 600°C. 
approximately. 

(d) Optimum corrosion-resistance is not 
compatible with hot workability since 
heating to 600° to 700°C. during hot 
working develops a_ susceptibility for 
cracking; nevertheless alloys containing 
5 to 10°, nickel and I to 2°, iron are easy 
to cold work and can be hot worked if 
suitable precautions are taken. 


Duranickel,* a nickel alloy containing 
4.4% aluminium, together with smal] 
quantities of other metals is reported by 
O’Keefe to have high corrosion-resistance 
coupled with a strength comparable to that 
of heat-treated alloy steel. 


Miscellaneous 


Due to the world shortage of non- 
ferrous metals, particularly zinc and nickel, 
the questions of substitutes and ‘ making 
do’ have received considerable attention, 
more especially with reference to electro- 
plating. A statement from the British 
Non-Ferrous Metals Research Associa- 
tion® has recommended that existing 
standards of coating thickness must re- 
main, but considerable economies can be 
effected by reducing drag-out losses. 
Suggestions have also been published jor 
obtaining the maximum use from available 
nickel anodes and plating salts,*’ whilst 
American papers have outlined conditions 
under which chromate treatments, phos- 
phate, black-oxide and organic coatings a: 
adequate substitutes for electrodeposits 


zo 


In a somewhat similar vein, it is interesting 
to note that although porous iron rotating 
bands for projectiles manufactured from 
sintered iron powder were originally cc- 
veloped in Germany during the war to save 
copper, recent American tests show them 


to have a superior performance, particu- 
larly for high velocity projectiles.*° 

A new coating process attracting con- 
siderable attention is that of the vacuum 
deposition of metals; the most prominent 
example being that of aluminium as used 
for reflectors. The principles, methods, 
applications and disadvantages of this 
technique have been discussed, as well as 
its extension to include other metals such 
as gold, silver and Jnconel, etc.*°:7! 


FERROUS 


As a bridge between the rapidly-expand- 
ing horizons of the ‘ light’ metals and the 
long-established metallurgy of iron and 





(Courtesy: F. Inst. Metals 


Longitudinal section of copper (above) and copper—5°,, nickel—I°,, iron alloy tubes after 
testing for one month in flowing aerated sea-water. 
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steel where, strangely enough, develop- 
ment seems to be much more ponderous, it 
is appropriate in this Atomic Jet Age to 
record that the Iron and Steel Institute 
Special Report, 1951, No. 43, presents the 
papers given at a symposium on high- 
temperature steels and alloys for gas 
turbines. A vast amount of valuable data 
is given on the behaviour of ferrous and 
non-ferrous materials under these very 
exacting conditions and the original papers 
give detailed information. The subjects 
covered included accounts of the develop- 
ment of creep-resisting alloys in Great 
Britain, America and Germany; an out- 
line of the performance and materials re- 
quired with reference to creep, corrosion- 
resistance and weldability, with emphasis 
on the need for a comparatively cheap steel 
with properties in between present-day 
best ferritics and cheapest austenitics; 
nickel-chromium-titanium alloys of the 
Nimonic 80 type; austenitic R20 and 
G18B steels; ferritic H40 and H46 steels; 
the créep strength superiority of the latter; 
the comparative immunity of cobalt rich 
G-32 steel to attack by fuel ash containing 
V.O;; elevated temperature fatigue and 
apparatus for hot fatigue testing; chrom- 
ium-base and cobalt-rich alloys, etc. 

Nodular cast iron is still in the news and 
the editors of Steel’* requested all licensees 
under the International Nickel Co.’s 
patents for médgnesium-treated nodular 
cast iron to comment on their experience 
with the material. Satisfactory reports 
were received on the usefulness of the 
material over a range of components from 
a 6,500 Ib. hammer casting to lawn mower 
parts; but one producer found that for 
light sections malleable cast iron gave better 
results. Lefébure’* has made a detailed 
study of acid-resisting silicon-irons and re- 
ports 12.5 to 20°,, Si increases corrosion- 
resistance, while the 18°, Si alloys show the 
maximum electrical resistance and sen- 
Sitivity to the action of a magnetic field at 
ordinary temperatures. Under similar 
conditions the 13°,, Si alloy exhibits the 
lowest resistance. The main characteristics 
of the alloys are great hardness, brittleness 
and low tensile strength. A new electro- 
graphic method” by which iron-silicon 
solid solutions containing at least 8°, Si 
can be rapidly distinguished, depends upon 
anodic oxidation followed by treatment 
with methylene blue. 
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Left: Section of chromium diffused malleable casting. 


By the chromium diffusion process, the chromium 
penetrates the steel and therefore does not alter the 
dimensions, even of threaded parts. It is claimed to give 
an excellent corrosion resistant and hard-wearing sur- 
face, comparing favourably with normal stainless steel 
for resistance to atmospheric and nitric acid corrosion. 


Further details have been released of 
Hy-Tuf,” a steel manufactured by the 
Crucible Steel Co. (U.S.A.) with a typical 
composition: 0.26°,, C, 1.26°,, Mn, 1.37°. 
Si, 1.91°,, Ni, 0.09°,, Cr and 0.43°,, Mo. 
Tests showed a better notched bar strength, 
ductility and possibly better low-tempera- 
ture notched fatigue properties than SAE 
4340 steel. Westinghouse Electric Cor- 
poration” have published the compositions 
of two air-hardening mould steels by the 
exclusive use of which moulds are im- 
proved and costs reduced. Brown” con- 
siders that the boron steels developed by 
the American Iron and Steel Institute 
open up a new era in alloy metallurgy, and 
discusses at length how they can replace 
conventional alloy steels for gears, axles, 
springs, etc. Another application of the 
rare-earths is the claim that many ‘ difficult 
to work’ highly-alloyed corrosion and 
heat-resistant steels can now be made easy 
to forge and roll by the addition of ‘ misch 
metal’ to the melt.** Of particular in- 
terest to chemical engineers is an excellent 
review by Luce” covering the use of stain- 
less steels and other ferrous alloys as 
chemical engineering materials of con- 
struction (328 references). The Iron and 
Steel Institute Special Report, No. 45, 
deals with a symposium on the corrosion 
of buried metals held in December 1951. 
The metals considered include steel, cast 
iron, copper, aluminium and lead. 


Chromising 

The production by ‘ chromising’ of a 
high chromium-content diffusion-layer on 
ferrous and non-ferrous materials as 
mentioned in the previous review on 
metallurgy“ is now firmly established. In 
the U.K. details have been published of 
the processes operated by Diffusion Alloys 
Ltd., New Eltham,*' and the Metal Gas 
Co. Ltd., a subsidiary of Colvilles Ltd.,*? 
while Galmiche, who was one of the 
pioneers of the technique in France has 
described the Onera process**:** which is 
claimed to produce bright chromised de- 
posits. Galmiche suggests, however, that 
the brightness can be increased by electro- 
lytic polishing, for which purpose he re- 
commends the Jacquet cold acetic per- 
chloric acid bath.** He has also reviewed 
the kinetics and chemistry of chromium 
transportation and other elements such as 
aluminium, zirconium and silicon,**:*? and 
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details are available of the properties and 
corrosion resistance of these three types of 
‘alloy’ coating.** Hoar and Croom*® 
have also studied the thermodynamics of 
volatile metal chlorides in order to elucidate 
the reactions occurring in chromising, 
siliconising and stannising. The Spanish 
investigators, Tofaute and Koek*’ present 
corrosion-test results for 18/8, 17°,, chrom- 
ium steel and three chromised specimens 
in boiling nitric acid (45°), acetic acid 
(10°,,) and a boiling sulphuric-nitric acid 
mixture. 


Cold extrusion 


The most revolutionary recent develop- 
ment in the cold forming of steel is un- 
doubtedly the discovery that it can be 
extruded. Used on a very large scale 
during the war by the Germans, the 
potentialities of this technique as _per- 
fected in the Neumeyer method are only 
now being realised in America, and Britain 
is still further behind in her development 
work. Hautmann’':*? has described the 
fundamental principles of the Neumeyer 
technique which is generally employed for 
the production of hollow, cylindrical forms, 
As lubricants, electrodeposited zinc or 
copper or phosphate coatings were em- 
ployed, the latter proving more satis- 
factory. With regard to the steel, he 
recommends a minimum of 0.02”, metallic 
aluminium and a minimum cooling rate 
through the A,-transformation range of 
10 C. min. to secure a sufficiently high 
ageing resistance, ductility and notch 
toughness for successful cold extrusion. 
Some details have been released of the 
manufacture of 105 mm. shells by the 
Mullins Manufacturing Corporation." by 
this technique. The chief advantages are 
claimed to be: (a) large savings in steel— 
up to 40°, in this case; (6) reductions in 
machining operations; (c) use of low- 
carbon materials—desired properties being 
produced by cold working; (d) improved 
surface finish. Other similar processes in- 
clude the Heinz* and Phoscoat:*’ methods. 
The latter, however, is merely a method of 
lubrication. 


Non-destructive testing 


The non-destructive testing of metals has 
come into considerable prominence within 
the past year or so, with particular attention 
being paid to the use of supersonic 
devices. So important is this particular 
branch that in 1951 the A.S.T.M. held a 
symposium on ultrasonic testing. Riidiger®* 
has reviewed the use of ultrasonics for 
testing for cracks, laminations, cavities, 
welding faults, etc., and they are claimed 
to be suitable for testing steel forgings with 
a maximum cross section of 25 ft."* as well 
as for the examination of pipe welds, 
flash-bulb welds, etc., where radiography 
has serious limitations." The papers 
presented at the symposium deal with 
ultrasonic wave propagation in materials— 
a guide to theoretical results; inspection, 
process and manufacturing control of 
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metals by ultrasonics in such processes as 
powder metallurgy, grain refinement, the 
acceleration of solidification, alloying, heat- 
treatment, fatigue testing, electroplating, 
tinning and the degassing of melts; basic 
principles in heavy forging, railroad work, 
the electrical industry and dynamic testing. 
The method is used extensively, standard 
equipment that can be used by non- 
technical personnel being available, but it 
is clearly not just another device for re- 
jecting material but a valuable aid to a 
wide variety of manufacturing processes. 

McMiuster and Schuffert'.!°* have des- 
cribed Xeroradiography—a rapid, low-cost, 
all-electric method of obtaining x-ray 
images in which no films or chemical pro- 
cessing are required. 

Due to the ease with which artificial 
radioactive substances have become avail- 
able from the Atomic Energy Research 
Establishment, Harwell, significant new de- 
velopments have taken place in gamma- 
radiography, so that radium has been 
rendered obsolete,’ although radon is a 
useful source in some cases.’ Radio- 
active cobalt, tantalum ard iridium have 
already been introduced for industrial 
purposes and Tenney’ states that cobalt- 
60 is a satisfactory source for steel and for 
materials of higher atomic numbers whilst 
iridium-192 is suitable for radiographing 
light metals. 
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New standards 


Solvents. The British Standards In- 
stitution has just issued two further 
standards in the series for solvents and 
allied products, isopropyl acetate (B.S. 
1834:1952) and 2-ethylhexyl alcohol (2- 
ethylhexanol) (B.S. 1835:1952). British 
Standards for these materials were not 
included in the original series of standards 
for solvents, but the greatly increased 
demand for materials of reliable quality 
for a variety of industrial uses now justifies 
their inclusion. Both standards cover 
specific gravity and distillation range and 
include a limit for acidity and descriptions 
of sampling and test methods. In addition, 
B.S. 1834 includes limits for residue on 
evaporation, water and ester content, and 
B.S. 1835 includes limits for ash and 
aldehydes. These standards cost 2s. each, 
post free. 


Sampling and analysis of flue gases. 
A British Standard, B.S. 1756:1952, has 
been prepared to guide industrial fuel 
consumers in selecting a procedure which 
may be adopted in sampling and analysing 
flue gases. It covers not only flue gases 
from steam-raising appliances and heating 
boilers but also those produced in the 
manufacture of iron, steel, non-ferrous 
metals, pottery, refractories, heavy clay 
ware, food, cement, glass, certain chemicals 
and coal gas. Among the apparatus de- 
scribed are the Orsat apparatus for deter- 


mining carbon dioxide, oxygen and carbon 
monoxide and the Haldane apparatus for 
carbon dioxide, oxygen, carbon monoxide, 


hydrogen and methane. The standard 


costs 10s. 6d., post free. 





Automatic Process Controllers 
(Concluded from page 427) 


knob. The manual control is completely 
independent of the rest of the unit; this 
allows the controller units to be withdrawn 
for servicing or replaced by spare units. 

The schematic diagram of Fig. 8 is, of 
course, considerably simplified, e.g. the 
potential sources shown are actually full- 
wave rectifiers fed from a mains trans- 
former. The entire unit is unaffected by 
voltage or frequency changes and, since 
the currents handled are so small, flame- 
proofing of the equipment is rarely 
necessary. 

Acknowledgment is made to George 
Kent Ltd., Elliott Brothers Ltd., Short 
& Mason Ltd. and Evershed & Vignoles 
Ltd. for permission to include details «nd 
photographs of their instruments. 
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Japan’s Alkali Industry 


In spite of having no indigenous resources of salt, Japan has created a very considerable alkali industry since 1872 
when the first factory, operating the Le Blanc process, was constructed. Based on imported salt, the industry reached 
its peak of production between 1937 and 1940, but during the war and immediately afterwards output declined sub- 
stantially. Production is now increasing, although the universal shortage of electricity in Japan is proving a serious 
handicap. The development of this important industry and its present technological and economic status is described 


HE alkali industry, which produces 
soda ash, caustic soda and various 
chlorine products from salt as raw material, 
is one of the basic industries which are 
absolutely essential to any industrial 
nation. In Japan, however, the develop- 
ment of this industry has been delayed on 
account of three unfavourable factors. 
First of all, Japan entirely lacks deposits 
of rock salt, which are found in Europe 
and America. There are also in Japan very 
few areas suited for making bay salt. In 
consequence of this deficiency, all salt for 
industrial use must be brought in ocean- 
going vessels from either the Red Sea and 
the Mediterranean Sea areas or the China 
coast. 
Secondly, Japan experienced at the be- 
ginning great difficulty in obtaining equip- 


ment and technical know-how essential for- 


the industrialisation of soda manufacture. 
Under the circumstances, a great deal of 
time and effort had to be expended in the 
domestic development and perfection of 
the ammonia-soda process, more commonly 
known as the Solvay process. 

Thirdly, owing to the domination of the 
domestic market for a long period by 
foreign soda companies, especially Brunner 
Mond & Co. Ltd., of England, belonging 
to the Solvay combine, under the con- 
ditions described above, there was very 
little opportunity for developing a domestic 
industry. 

Of the three factors cited above, the lack 
of self-sufficiency in salt resources has 
been and is still a very unfavourable factor, 
which probably has hardly any parallel in 
the industrial countries of the world. 
However, these disadvantages were gradu- 
ally overcome by the measures described 
below, with the result that by about 1940 
Japan became one of the leading alkali 
manufacturing countries of the world. 


Le Blanc soda process 

As was the case with the history of the 
development of the alkali industry in the 
other countries, the Japanese alkali indus- 
try originally began with the Le Blanc 
process. It was in 1872 that the first 
alkali factory in Japan was built as an 
adjunct to the Government-operated sul- 
phuric acid factory of the Government’s 
Mint Bureau in Osaka. Although this 
factory was closed down soon after because 
of unprofitability of operations, a new Le 

* Reproduced from ‘Survey of Japanese 
Finance and Industry,’ 1951, 3 (9), pp. 1-8, 
published by the Industrial Bank of Japan, Ltd. 


in the following article.* 


Blanc-process factory established in 1881 
by the Government’s Printing Bureau in 
Tokyo finally succeeded in commencing 
actual production, though on a small scale. 
This was the beginning of the industrial 
production of soda in Japan. 

Both of these Government-operated 
alkali factories were transferred to private 
hands several years after. In addition, two 
or three more alkali factories were con- 
structed by private companies and by 1890 
several alkali companies using the Le Blanc 
process were in operation. However, since 
their facilities were very inferior to those 
of Western countries and since their pro- 
ducts were unable to compete with cheap 
imported products as well as with domestic 
products manufactured by the Solvay and 
electrolytic processes, all of them went out 
of business by about 1917. This fate of 
Japanese alkali factories using the Le Blanc 
process was similar to that of the factories 
of other countries using the same process, 
except that there was a time lag of 40 to 
50 years in the case of Japan. 


Ammonia-soda process 


This process for the manufacture of 
soda ash was invented after the Le Blanc 
soda process and began to be widely used 
in Europe by about 1870, about which 
time the first Le Blanc-process factory in 
Japan was constructed. Owing to the 
unfavourable factors for the domestic pro- 
duction of soda, however, Japan continued 
for a long time thereafter to depend on 
foreign sources for the greater part of its 
soda ash requirements. 

With the stoppage of soda imports from 
Britain, the principal supplier, on the out- 
break of World War 1, the Asahi Glass Co. 
Ltd., the largest consumer of soda ash in 
Japan, took the opportunity to build at 
Makiyama, Fukuoka Prefecture, its own 
soda manufacturing plant with a daily 
capacity of 10 metric tons by the ammonia- 
soda process. This was in 1916, but actual 
operations were not begun until the follow- 
ing year. Then in 1918 the Nippon Soda 
Industry Co. Ltd. (later known as the Toku- 
yama Soda Co. Ltd., but different from the 
present Nippon Soda Co. Ltd.) built a 
similar factory at Tokuyama, Yamaguchi 
Prefecture, for the purpose of manufactur- 
ing soda for sale to others, instead of for 
its own consumption. Thus two factories 
using the ammonia-soda process came into 
existence in Japan during World War 1. 

However, since their scale of production 
was not large enough to fill the entire 
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domestic requirements, a considerable 
amount of soda products continued to be 
imported from abroad, chiefly from the 
U.S.A. 

With the end of the war, imports of soda 
products from abroad began to increase 
sharply and Japan became the scene of stiff 
competition between Brunner Mond & 
Co. Ltd. and Magadi Co. Ltd., both of 
England, in soda ash, and between the 
Allied Chemical & Dye Co. Ltd. (which 
entered the Japanese market during the 
war) and Brunner Mond & Co. Ltd. in 
caustic soda. The result was that the 
domestic soda ash manufacturing industry 
was immediately confronted with the im- 
minent danger of collapse, which, however, 
was prevented by raising to some extent 
the tariff duties after 1921 and by granting 
Government subsidies for some time after 
1929 in view of the need from a national 
standpoint of fostering the development of 
the alkali industry. 

It was not until 1931 that this industry 
got out of difficulties and was favoured 
with a grand opportunity to effect a spec- 
tacular development. This opportunity 
presented itself in the following ways: 

With the outbreak in September 1931 
of the Manchurian Incident, Japan en- 
forced an export embargo on gold and the 
resulting depreciation of yen exchange had 
the following effects on Japan’s foreign 
trade: (1) The rise in the prices of im- 
ported goods rendered the prices of domes- 
tic goods comparatively cheap, thereby 
reducing the volume of imports on the 
one hand and expanding the market for 
domestic goods on the other; (2) the brisk 
activity of Japanese export industries 
stimulated by the lower export prices of 
Japanese goods in terms of foreign curren- 
cies caused an increase in the consumption 
of soda by the glass, rayon and other 
manufacturing industries, thereby increas- 
ing the domestic demand for soda products ; 
and (3) the expansion of the Japanese 
merchant marine resulted in a reduction in 
the freight on imported salt. 

Under such circumstances, the two 
existing soda companies were able to 
realise satisfactory earnings and to improve 
and expand their facilities year by year. 
By about 1934 they were able to operate 
at 93°, of capacity. After 1935 five fac- 
tories using the ammonia-soda process 
were constructed respectively by Toyo 
Soda Industry Co. Ltd. (Yamaguchi Pre- 
fecture), Kyushu Soda Co. Ltd. (Fukuoka 
Prefecture), Ube Soda Industry Co. Ltd. 
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(Yamaguchi Prefecture), Kawanami In- 
dustry Co. Ltd. (Saga Prefecture) and Dai 
Nippon Artificial Fertiliser Co. Ltd. 
(Yamaguchi Prefecture), which last com- 
pany is now known as Nissan Chemical 
Industry Co. Ltd. As a result, a total of 
seven factories using the ammonia-soda 
process were in operation by 1937. 

These factories were, moreover, able to 
maintain in 1938 or thereabouts an average 
operating rate of over 80 per cent. of 
capacity, producing in that year an aggre- 
gate of 660,000 metric tons of total ash, 
a record up to that time. 

Despite this advancement whereby the 
Japanese alkali industry succeeded in 
securing a market, there still remained 
the weakness of being entirely dependent 
on foreign sources for the supply of salt. 
When it became difficult to obtain salt 
from the Mediterranean basin on account 
of the war situation in Europe after 1936, 
Japan turned to China for the supply of 
crude salt. But the supply from this 
source became increasingly diffcult follow- 
ing the expansion of the Sino-Japanese 
conflict and especially after the outbreak 
of the Pacific war in 1941, owing to the 
heavy loss of bottoms. The result was 
that factories using the ammonia-soda 
process involving a large-scale production 
were confronted with serious operational 
difficulties. 

To cope with the situation, the three 
factories operated by Kawanami Industry 
Co. Ltd., Kyushu Soda Co. Ltd. and Dai 
Nippon Artificial Fertiliser Co. Ltd., res- 
pectively, either converted their equip- 
ment to the production of some other 
products or entirely suspended their 
operations. The remaining four factories 
also converted part of their equipment to 
the production of alumina and magnesium 
chloride to meet the urgent war-time 
demand for these products. As the allot- 
ment of crude salt for civil requirements 
was reduced to less than one-half, they 
were obliged to lower their operating rate 
until it was only 10°,, by the time of the 
termination of war. 

In the immediate post-war period alkali 
production by the ammonia-soda process 
was limited to three companies, namely 
Asahi Glass Co. Ltd., Tokuyama Soda 
Co. Ltd. and Ube Soda Industry Co. Ltd., 
in view of the inadequate import of crude 
salt, the designation of factories as repara- 
tions factories (the Toyo Soda Industry 
Co. Ltd.’s factory was designated as such 
and suspended operations from December 
1946 onward) and the decrease in the 
demand for alkali products. Between 1948 
and 1949 it was planned to suspend the 
operation of another factory among the 
three factories in operation until then in 
order to effect rationalisation of the in- 
dustry through concentrated production. 
However, with the subsequent favourable 
turn in the importation of crude salt and 
the general industrial recovery of Japan, 
the projected suspension was abandoned 
and, by 1950, the industry had recovered 
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Table |. Changes in Japan’s Soda Manufacturing Capacity, 1930-50 (metric tons) 














. Electrolytic-soda 
a | Ammonia-soda process | process 
No. of Total | Soda Caustic No. of Caustic 
| factories ash ash soda | factories | soda 
a ae 2 84,600 64,800 | 7,200 | 10 24,932 
1931 Ae, 2 131,400 108,000 18,000 | II 36,953 
eras 2 183,600 | 126,000 28,800 II 40,298 
1933 2 270,000 198,000 108,000 13 51,364 
1934 2 360,000 | 270,000 144,000 16 715303 
1935 4 475,200 | 270,000 191,520 21 95,57! 
1936 6 568,800 367,200 267,120 24 141,308 
1937 7 716,400 399,600 339,120 24 179,712 
1938 7 813,600 457,200 396,520 25 204,966 
1939 7 928,800 457,200 414,520 30 216,98% 
1940 7 928,800 486,000 414,520 30 222,608 
1941 4 835,200 403,200 403,200 32 234,95 
1942 4 835,200 403,200 403,200 33 234,42 4 
1943 : 835,200 403,200 403,200 35 2373079 
1944 t 835,200 403,200 403,200 35 234,465 
1945 4 835,200 403,200 403,200 36 253.2 
1946 4 835,200 403,200 403,200 36 25332 
1947 4 835,200 403,200 403,200 36 25352: 
1948 4 835,200 403,200 403,200 36 253,2 
1949 4 835,200 403,200 403,200 36 25352609 
1950 4 835,200 403,200 403,200 36 253.2 








Sources : Data submitted to the Strike Mission for figures up to 1945 ; data collected b the 


Japan Soda Industry Assn. for figures since 1945 for the electrolytic-soda process factori.s. 


to the extent of even resuming, with 
SCAP permission, the operation of the 
factory of Toyo Soda Industry Co. Ltd. 
Recently the industry has become so 
active to meet the production require- 
ments of the Korean war that an increase 
in the import of crude salt is being strongly 
urged. It must be pointed out, however, 
that great efforts are needed to replace 
superannuated equipment resulting from 
neglect during the past Io years. 


Electrolytic-soda process 

A study of the history of the develop- 
ment of the alkali industry of the world 
shows that the industrial production of 
soda by the electrolytic process began to 
develop from about 1890, that is, about 20 
years after the inception of the ammonia- 
soda process. In Japan both of these 
processes were adopted almost simul- 
taneously during World War 1, in view of 
the great difficulties experienced in obtain- 
ing the supply of soda from abroad. In 
the light of the difficulty experienced in 
mastering the technique of the ammonia- 
soda process, it may be said that as a whole 
the electrolytic-soda process was perfected 
earlier than the former process. 

The production of soda by the electro- 
lytic process was first begun in 1915 when 
the Hodogaya Soda Industry Co. Ltd. 
constructed in Kanagawa Prefecture a fac- 
tory using the diaphragm process. This 
was followed in the same year by the 
construction in Fukuoka Prefecture of a 
factory using the mercury process by the 
Osaka Soda Co. Ltd. Within only two or 
three years after, that is during World 
War I, some 16 companies with a total 
monthly capacity of about 1,000 metric 
tons commenced production by the elec- 
trolytic-soda process. Favoured by a brisk 
demand for soda products against their 
short supply owing to import difficulties, 
all of these companies were able to earn 


substantial profits immediately {ter 
commencement of operations. 

With the end of the war, however, they 
suffered a severe blow from the business 
conditions already described under the 
ammonia-soda process, with the result 
that only ten of them were able to continue 
operations thereafter. Since the produc- 
tion of chlorine by-products greatly ex- 
ceeded the domestic demand, a voluntary 
production curtailment (average of 50°,,) 
was enforced in order to avoid cut-throat 
competition among the producers. 

As in the case of the companies using 
the ammonia-soda process, those using the 
electrolytic-soda process witnessed a 
favourable turn in their business operations 
after 1932, stimulated by the same factors. 
However, a significant change affecting the 
electrolytic-soda process alone was the 
achievement of a technical solution for 
the treatment of chlorine. Whereas up to 
that time the use of chlorine was limited 
to bleaching powder, its uses were ex- 
panded further by the perfection of tech- 
nique for the manufacture of synthetic 
hydrochloric acid and liquid chlorine, as a 
result of which the technical limitations 
obstructing the development of the elec- 
trolytic-soda process were gradually re- 
moved. By 1937 the previous trend to- 
ward an excess supply of chlorine had 
been reversed to a shortage of chlorine, as 
had been the case abroad where this process 
had been adopted much earlier. 

Under these favourable conditions, the 
operating rate of Japanese alkali manu- 
facturing companies using this process 
steadily rose after 1930 to 70 to 80", of 
capacity. Expansion of existing factories, 
rehabilitation of closed-down factories and 
construction of new factories were under- 
taken one after another, with the result 
that by the peak years 1938-39 the factories 
numbered more than 30. In addition, a 
number of soda factories were constructed 
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Table 2. Japanese Companies Manufacturing Soda by the Ammonia-Soda Process 








Date Capital Name of on A Output in greg Latest Main products 
Name estab- stock | soda capacity June 1951 shun: (Salles dividend other than 
lished | (Ymillion) | factory (metric tons) (metric tons) 1951 p.. erage) rate ammonia-soda 
— Glass Co., Ltd. 1907 Y500 Makiyama 550 14,203 (33.9%) Y246 48 Sheet glass 
Tokuyama Soda Co., Ltd. 1918 100 Tokuyama 300 9,123 (21.7%) 79 30 Cement 
Toyo Soda Industry Co., Ltd. 1935 120 =6§| Tomita 315 9,213 (22.0%) 88 30 Electrolytic- 
soda and 
chlorides 
Ube Soda Industry Co., Ltd. 1936 125 Ube 250* 9,405 (22.4%) 78 30 
| _Toral 845 4 factories 1,415 42,124 (100.0%) 





* The actual operable capacity is believed to be 
Sources : 


in Formosa, Korea and Manchuria with 
Japanese capital. The output of caustic 
soda in 1939 was 145,000 metric tons, 
a record up to that time. 

With the subsequent expansion of the 
Sino-Japanese conflict, the operating rate 
of factories using the electrolytic-soda 
process was steadily lowered as in the case 
of factories using the ammonia-soda pro- 
cess, owing to the short supply of crude 
salt and the curtailment of soda shipments 
to non-essential industries. After the 
outbreak of the Pacific war in 1941, a con- 
siderable number of the factories were 
liquidated, though, generally speaking, - 
factories using the electrolytic-soda pro- 
cess were preferentially treated over those 


300 metric tons. 


using the ammonia-soda process, because 
of the more efficient use of crude salt by 
the former process and also the production 
therefrom of chlorine products essential 
for war purposes. In any case, at the time 
of the termination of war the operating 
rate of factories using either of these two 
processes had fallen to about 10°, of 
capacity. 

The post-war situation of the factories 
using the electrolytic-soda process has 
been the same as that of factories using 
the ammonia-soda process. At the present 
time 20 factories (including two incomplete 
factories) remain designated for reparations 
and the outcome of such designation is 
looked upon with serious concern as having 





The Tokyo Securities Exchange for the share quotations and dividend rates ; The Chemical Bureau, Ministry of International Trade 
& Industry for operable capacity and actual output. 


an important bearing upon related indus- 
tries. Since all of these factories, despite 
their designated status, are at present 
continuing operations under permission 
from SCAP, no direct inconvenience is 
felt in meeting the domestic demand. 


Distribution of factories 


Generally speaking, the alkali industry 
requires 4 to 8 metric tons of raw material 
and fuel for every ton of finished product. 
Especially in the case of the ammonia-soda 
process which involves mass production, 
600 to 800 metric tons of raw material and 
fuel must be transported daily to keep a 
factory working even at its lowest operating 
rate with the existing equipment. The 


Table 3. Japanese Manufacturers of Soda by the Electrolytic-Soda Process 














“9s Annual Share price 
Date Capital Name of operable per Y50 Latest Main products other 
Name estab- stock soda capacity share ( Fune dividend | than caustic soda and 
lished (Yr mil- factory (metric 1951 rate chlorides 
4 lion) tons) average) ; 
a 0 
5 Ajinomoto Co. Inc. 1925 Y500 Kawasaki 7,200 Y127 25 Glutamic acid soda 
and soybean pro- 
‘ ducts 
e Asahi Kasei Co., Ltd. 1931 700 Nobeoka 5,837 139 40 Rayon and explosives 
e Asahi Denka Co., Ltd. I9I7 200 Ohisa 12,707 89 30 Oils and fats 
r Hodogaya Chemical Industry Cc My LL td. 1916 I2I Koriyama 5,521 50 deferred Dyestuffs and phar- 
Hodogaya maceuticals 
F Kureha Chemical-Industry Co., Ltd. 1944 100 Nishiki 8,573 59 15 Superphosphate of 
‘. lime 
[- Mitsui Chemical Industry Co., Ltd... 1941 800 Miike W211 43 deferred Dyestuffs, pharma- 
- ceuticals and coke 
9 Nippon Chemical Industries, Ltd. 1934 250 Yodogawa 45195 88 deferred | Coke and ammo- 
IC Kurosaki nium sulphate 
a Nippon Soda Co., Ltd. oe 1920 580 Nihongi 22,010 56 15 Ethylene glycol and 
1S Takaoka zinc 
c- Nissin Chemical Industries, Ltd. 1925 1,000 Okayama 1,849 60 15 Ammonium sulphate, 
Niihama dyestuffs and alu- 
c minum 
0- Nissan Chemical Industry Co., Ltd. 192I 500 Oji 7,989 58 15 Superphosphate of 
ad Toyama lime and ammo- 
as nium sulphate 
Osaka Soda Co., Ltd. ; ns 1915 75 Amagasaki 16,537 * we 
SS Kokura 
Showa Denko Co. Ltd. ee 1939 550 Yokohama 55205 SI 20 Ammonium sulphate, 
he Hirota calcium cyanamide 
u- and aluminum 
Tekkosha, Ltd. fia as 1928 360 Sakata 3,648 77 30 Steel alloys and cal- 
ess cium cyanamide 
of Fushiki 
es, Toa Gosei Chemical Industry Co., Ltd. 1933 300 Nagoya 22,022 80 30 Ammonium sulphate 
nd 2 Sakaide aa 
i loyo Soda Industry Co., Ltd. 1935 120 Tomita 4;742 88 30 Soda ash (see Table 2 
ult Total for 24 companies (including 36 176,078 
Jes others not listed here) factories 
5 4 * Not listed on the stock exchanges. ** Unknown. 
ted Sources : The Tokyo Securities Exchange for share quotations and dividend rates ; The Chemical Bureau, Ministry of International Trade & 
Industry for operable capacity. 
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weight of the finished products also is quite 
heavy and thus require mass transportation. 
Under these conditions, it is essential in the 
case of the alkali industry that the factories 
be located near both the raw material 
sources and the product consuming centres. 
As the crude salt must be transported a long 
distance from abroad, practically all of the 
soda factories in Japan are located on the 
coast. The four factories using the am- 
monia-soda process are concentrated in 
Fukuoka Prefecture (northern part of 
Kyushu) and Yamaguchi Prefecture (wes- 
tern-most prefecture of Honshu) because 
these two areas (1) lie near the coalfields 
(in Japan the coalfields are located in Hok- 
kaido, Kyushu, Joban in Ibaraki Prefecture 
and Ube in Yamaguchi Prefecture), (2) 
stand nearest to the foreign sources of 
crude salt and (3) possess large deposits of 
limestone. On the other hand, factories 
using the electrolytic-soda process are dis- 
tributed throughout the country from 
Hokkaido in the north to Kyushu in the 
south in consideration of the fact that 
construction of factories in the interior, 
though advantageous from the standpoint 
of proximity to hydro-electric power re- 
sources, would be disadvantageous in all 
other respects, including the difficulty of 
transporting the by-products (chlorine 
products) to cities, which are mostly located 
on the coast. 


Productive capacity 


The recent changes in the productive 
capacities of Japanese soda factories using 
either the ammonia-soda process or the 
electrolytic-soda process are shown in 
Table 1. 

The aggregate capacity of factories using 
the ammonia-soda process varies according 
to the increase or decrease in the number 
of such factories, in view of the fact that 
technically the capacity of each factory is 
fixed at the time of drawing up the blue- 
print and no subsequent change is possible. 
For this reason the aggregate capacity of 
the four companies using this process has 
remained constant at 835,000 metric tons 
(calculated in terms of total ash) since 
194I. 

On the other hand, the capacity of fac- 
tories using the electrolytic-soda process 
can be expanded from their original capa- 
city by increasing the number of electrolytic 
cells, as the occasion demands. For this 
reason their total capacity could be and 
was steadily increased year after year until 
the termination of the last war in order to 
meet the increased demand for caustic soda 
and especially chlorides. Another factor res- 
ponsible for this increase in capacity was 
the stiff competition in this category be- 
cause of the imperfect voluntary control in 
this line of business, with the result that 
the expansion of capacity tended to con- 
stantly exceed the actual demand. 

If the theoretical capacity of these two 
types of soda factories is revised by taking 
due account of the obsolescence and lack 
of standardisation in their equipment, etc., 
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Table 4. Demand and Supply of Soda Ash in Japan, 1930-50 (metric tons) 
































Import | Net 

Year Output | Export at ——-| domestic 

| Soda ash | Natural soda Total consumption 
1930 57,233 | ° 36,593 | 28,613 65,206 | 122,439 
1931 77,805 | ° 18, 35,642 | 54332 | 132,137 
1932 84,204 | a 25,918 | 20,507 | 46,425 130,629 
1933 110,239 | ° | 21,707 | 245737 | 46,444 | 156,683 
1934 132,852 15,401 | 16,486 | 20,653 37,139 | 154,592 
1935 197,327 30,521 | 27,208 21,056 38,264 205,070 
1936 244,500 | 27,400 | 17,858 22,959 40,817 2575917 
1937 245,227 | 12,292 | 29,980 17,281 47,267 280,202 
1938 250,670 | §,052 | 19,411 2,009 21,450 267,068 
1939 253,995 | 1,487 19,228 fc) 19,228 271,736 
1940 230,944 | 1,162 | 16,957 ) 16,957 246,739 
1941 177,681 | 948 9,868 fe) 9,868 186,601 
1942 140,149 89 4,909 fe) 4;909 144,959 
1943 145,039 474 2,874 fe) 2,874 147,439 
1944 | 100,599 | 263 ° fe) fe) 100,336 
1945 | 46,826 | ° ° fe) ° 46,826 
1946 | 22,350 | ° ° fe) fe) 22,350 
1947 | 38,083 | ° ° fe) ° 38,083 
1948 | 75,11r | ° ° fe) ° 75,111 
1949 | 123,806 ° ° ° fe) 123,807 
1950 | 166,907 3,446* ° 10,000 10,000 173,451 
* Includes special procurement export. Source : Survey by the Japan Soda Industry A -n. 























Table 5. Demand and Supply of Caustic Soda in Japan, 1930-50 (metric tons) 
| Output Net 
vies NGLAY acne leeeeiena - domest 
Year | Electrolytic Ammonia Export Import consun 
| process process | Total _ tion 
1930 26,539 8,199 | 34,738 | 18 37,589 725309 
1931 30,992 17:544 48,536 II 41,596 90,121 
1932 375301 37,815 755116 2,511 28,193 100,798 
1933 47,444 63,509 110,953 5,116 12,447 118,284 
1934 64,519 113,252 177,771 12,282 9,928 1755417 
1935 92,015 141,273 233,288 17,497 19,936 2355727 
1936 116,132 168,867 284,999 23,430 11,597 273,166 
1937 131,155 221,876 353,031 5,514 273429 374,946 
1938 145,487 301,671 447,158 11,615 266 435,809 
1939 172,060 | .284,939 456,999 24,279 fc) 432372 
1940 140,906 | 265,603 406,509 13,135 fc) 393,374 
1941 129,569 | 204,379 333,948 7,681 fe) 326,26 
1942 112,568 | 115,027 2275595 3,390 fe) 224,205 
1943 114,976 | 110,740 225,716 7,606 fe) 218,11 
1944 100,372 | 56,774 157,146 470 fe) 156,676 
1945 42,247 | 14;577 56,824 24 fe) 56,80 
1946 21,514 | 7;784 29,298 ° fe) 29,298 
1947 35,846 | 7,306 43,152 o o 43515 
1948 §9,668 | 48,380 108,048 15,000 fe) 93,048 
1949 | 90,190 | 60,130 150,320 fe) fe) 149,879 
1950 | 123,124 773583 200,707 367* fe) 200,341 
* Includes special procurement export. Source : Survey by the Japan Soda Industry Assn. 


their present operable capacity is reduced 
to figures shown in Tables 2 and 3. 

The total operable daily capacity of the 
factories using the ammonia-soda process 
is 1,415 metric tons, being about 60°,, of 
the theoretical capacity of 2,320 metric 
tons, which fact is clearly indicative of the 
substantial deterioration of the equipment 
due to overwork during war-time and 
neglected repair in the post-war period. 

In the case of the electrolytic factories, 
the present total operable annual capacity 
is 176,000 metric tons, against their theo- 
retical capacity of 253,000 metric tons. 
Since this is about 70°, of the theoretical 
capacity, their present condition is slightly 
better than that of the ammonia-soda 
process factories. 


Raw materials supply 

Crude salt used as raw material is 
imported wholly from abroad. In the 
pre-war period it was imported sometimes 


from nearby areas, chiefly China, and at 
other times from Mediterranean and Red 
Sea sources, depending upon the inter- 
national situation. At present, salt is im- 
ported from the U.S.A. and Mexico, be- 
cause of the suspension of trade with 
Communist China. Since, under such 
circumstances, the cost of imported salt 
is relatively high, there is a strong demand 
for the resumption of trade with China 
and the expansion of Japanese bottoms 
with a view to reducing the freight charges. 

The sale of salt in Japan is under 
Government monopoly and in the post- 
war period a special price lower than the 
import cost was quoted for salt released to 
industrial users. Whereas the highest c.i.f. 
price of salt in the post-war period was $20 
per metric ton (the lowest was about $8 in 
1950), the delivery price to soda factories 
was quoted uniformly at the official price 
of 3,000 yen ($8.33). The loss was covered 
partly by the higher price charged for table 
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Table 6. Japan’s Consumption of Soda Ash in Percentages by Uses, 
Selected Fiscal Years 1941-50 

Use 1941 | 1942 | 1943 | 1944 1945 1948 | 1949 | 1950 

| oO | oO ° oO oO 0 0 | oO 
| oO | oO | oO 0 i o 40 40 o 

Light metals 5.8 | 7-5 II.0 | 33.3 26.3 | 2.0 | 10 | 0.1 
Pulp and paper | 1.3 | 0.6 0.4 | O.1 | 0.2 | 0.5 | Eft} 24 
Seasonings 4.7 | 3.2 | 8.0 | 4.1 » Fe 10.1 | 12.7 ; 19.6 
Glass , 33.4 30.2 20.6 | 10.2 11.8 33.2 | 34.7 | 38.5 
Chemicals 28.0 20.8 18.6 | 13.5 19.0 32.9 37.0 | 29.6 
Textiles me 2.4 1.0 0.7 0.2 0.3 2.8 | 33 1 «22 
Export Nw 0.2 | 0.2 | 0.2 ° ° ° eri 23 
Munitions .. 8.0 22.2 | 28.4 21.0 14.0 | fe) ° fo) 
Others 16.2 14.3 12.1 17.6 20.7 18.5 10.2 6.3 
Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0 | 100.0 
Source : Japanese Soda Industry Assn. 

Table 7. Japan’s Consumption of Caustic Soda in Percentages by Uses, 

Selected Fiscal Years 1941-50 

Use 1941 1942 1943 1944 1945 1948 1949 | 1950 
Light metals 8.9 11.3 23.7 23.0 7.8 5.0 2.6 1.3 
Pulp and paper 7.0 4.5 3.6 1.6 3.3 5.4 10.2 14.2 
Seasonings 1.8 2.7 0.8 0.5 1.0 1.8 23 1.9 
Chemicals 16.5 14.2 15.3 16.4 13.4 21.4 25.1 22.7 
Textiles* 45-7 36.7 24.1 13.6 18.5 31.6 49.1 53.4 
Export 1.6 2.1 2.9 0.6 fe) 14.8 O.1 0.2 
Munitions eZ 17.7 22.4 31.2 22.7 fe) fe) fe) 
Others 12.2 10.8 7.2 13.1 33. 20.0 9.8 6.3 
Total 1C0.0 100.0 100.0 100.0 100.0 100.0 100.0 | 100.0 
* Mostly chemical fibre textiles. Source : Japan Soda Industry Assn. 


salt and partly by appropriation from the 
budget. However, this system has been 
changed since April 1951 and the official 
price raised to 8,000 yen ($22.22) per 
metric ton. As there is now very little 
difference between this delivery price and 
the actual import cost of salt, some of the 
soda manufacturers would prefer to import 
industrial salt on their own account, and 
it is believed that this system is likely to 
be adopted sooner or later. 

The domestic supply of coal, other than 
heavy coking coal for steel manufacturing, 
is sufficient to cover present requirements 
(present annual output is 45,000,000 metric 
tons). The cost of coal (about $15 per 
metric ton for factory delivery), however, 
is considerably higher than in the U.S.A. 

Owing to the concentrated demand for 
electricity in the post-war period because 
of the high cest of coal as fuel and also to 
the delay in developing electric power 
resources during and after the war, there 
is now a great shortage of electric power. 
An adequate supply of electric power is a 
prerequisite for the operation of factories 
using the electrolytic-soda process. In any 
case, however, the rise in the cost of 
electricity has been relatively small under 
the inflation so that even with the approxi- 
mately 30°., increase in August 1951 the 
cost of electricity is still lower than that of 
other forms of energy. 


Demand and supply of products 


Whereas until 1930 one-half of the 
domestic demand for alkali products was 
covered by imports, the latter steadily de- 
clined as domestic production increased, 
with the result that it was possible to export. 

A noteworthy increase in the domestic 


demand for soda products took place after 
1935 in line with the general development 
of Japanese industries, particularly the 
glass industry requiring soda ash and the 
synthetic fibre (rayon and staple fibre) in- 
dustries requiring caustic soda. During 
the war, however, the munitions industries, 
especially the light metal industry, replaced 
the above two industries as the chief 
consumer of soda products. 

With the post-war recovery of the glass 
and synthetic fibre industries, the con- 
sumption of soda products is steadily 
returning to the pre-war pattern. Against 
the estimated annual volumes of 264,000 
metric tons of soda ash and 356,000 
metric tons of caustic soda desired by the 
related industries, the Economic Stabilisa- 
tion Board has estimated their demand in 
the current fiscal year at 220,000 metric 
tons for the former and 300,000 metric 
tons for the latter. On the basis of this 
estimated demand, the various companies 
have drawn up their production schedules 
accordingly. Since there are hardly any 
impeding factors, with the possible excep- 
tion of limited availability of electric power 
for allocation to this industry, production 
is being carried out according to schedule. 

There is, however, a possibility that, 
depending upon the outcome of the Korean 
war and the future development of the 
international situation, production may not 
work out eccording to schedule, especially 
with respect to caustic soda, as there are 
now indications that the synthetic fibre 
industry, a large consumer of caustic soda, 
will enforce 20 to 30°,, curtailment of 
operation in view of the recent slump in 
textile exports and the consequent drop 
in the prices of textiles. 
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Prices of products 


As stated, the price of salt in other 
countries is very low. In England and 
the United States where salt factories are 
built above the strata of rock salt, the cost 
of producing salt is limited to the cost of 
pumping up brine from the underground. 

In Japan, on the other hand, the price of 
salt is very high because it must be trans- 
ported by ships from remote areas. This 
fact necessarily makes the cost of Japanese 
soda products relatively high. Such being 
the case, under normal conditions foreign 
products are comparatively cheap and 
thereby tend to oppress the domestic alkali 
industry. 

Since the import of foreign soda pro- 
ducts, with the exception of some Magadi 
ash, has been checked in the post-war 
period by foreign trade control, the ques- 
tion of competition with foreign products 
has been avoided so far. However, now 
that the post-war subsidy on soda products 
has been abolished (since October 1950) 
and the official price system also has been 
abolished (since April 1951), the relatively 
high prices of Japanese soda products may 
again become an important problem to the 
related industries. 

The current domestic price of soda ash 
is $95 to $100 per metric ton and that of 
caustic soda (95”,, solid) $185 to $190. 
Though these prices are not so high when 
compared with the international prices pre- 
vailing in the Far East where the supply- 
demand relationship has become stringent 
since the outbreak of the Korean war, they 
are substantially high when compared 
with prices in England and the U.S.A. 

In some quarters the view is held that 
the domestic prices which have soared 
since the Korean war will decline if the 
synthetic fibre industry curtails its opera- 
tions. The market for soda products, 
especially for caustic soda, is easily in- 
fluenced by the movement of this industry, 
which is the largest soda consumer in 
Japan. Reports have it that the electro- 
lytic-soda process factories are already 
curtailing operations, as was done in the 
pre-war period. Such curtailment, how- 
ever, is not easily possible in view of the 
provisions of the Anti-Monopoly Law and 
the Trade Association Law. 





Contributions 


THE EDITOR welcomes practical articles 
and notes on chemical engineering and 
industrial chemical subjects with a view 
to publication. All contributions, which 
should be fully illustrated whenever pos- 
sible, are carefully considered. A pre- 
liminary letter or synopsis is advisable. 
Address such material to THE EDITOR, 
CHEMICAL & PROCESS ENGINEERING, 
17 Stratford Place. London, W.1. 
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Above: The storage tanks and vacuum stills used in the large-scale synthesis of the 
antibiotic ‘Chloromycetin,’ at the new U.S. factory. 

Top left: View of the plant showing the controls above one of the stills and the 
ends of the storage tanks on the left. 

Left: Refrigeration and ice-making equipment, showing compressors for cooling 
water in the foreground, with ice-making equipment behind. 

Bottom left: The initial reactor tanks are three stories high. Flaked ice comes 
from a machine above the tanks and the plant uses 18,000 Ib. hr., in addition to 
thousands of gallons of cooling water. 


Bottom right: A control chemist and operator inspect the product. 
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N the shore of Lake Macatawa in Holland, 

Michigan, U.S.A., Parke, Davis & Co. have 
built what they claim to be the first plant to be 
completely designed and built for the synthetic 
production of an antibiotic. The antibiotic is 
chloramphenicol, the only drug of its class yet to 
be made synthetically on a commercial scale, 
which is marketed by the firm under the name 
Chloromycetin. This is not the only completely 
new plant for the manufacture of this antibiotic. 
There is one at Hounslow, Middlesex, operated 
by the firm’s English subsidiary. But the Hol- 
land plant was started before the one at Hounslow 
and, while the latter can also make other products, 
the Holland plant is designed solely for Chloro- 
mycetin manufacture. The firm will not state how 
much of the antibiotic will be produced in the 
new plant, but its capacity is said to be as big as 
that of all other Chloromycetin plants now in 
operation. Thus it means that capacity for 
making this drug has been doubled. 

Parke, Davis have been experimenting with 
fermentation and synthesis as methods of manu- 
facture for some time. Their verdict is that while 
fermentation makes for a more flexible production 
process, synthesis is more efficient from the stand- 
point of output per unit of space. Furthermore, 
with synthesis there are no contamination 
problems. 

When Chloromycetin is made naturally by fer- 
mentation, only one isomer, the biologically active 
one, is formed. However, when the same com- 
pound is made synthetically, four special isomers 
result, three of which are inactive materials. 
These optical isomers are so very similar in pro- 
perties that they can be separated only by very 
special means based on the physical solubilities of 
the materials. These resolutions must be operated 
within extremely narrow limits of temperature 
and time, and require the close attention and 
expert supervision of well-trained personnel. 


Operations and equipment 

The complete synthesis requires the use of a 
number of operations as follows: three con- 
densations, three hydrolyses, two acetylations, one 
reduction and one resolution. Each of these pro- 
cesses requires a production unit of a specific 
design which has been engineered to utilise the 
most modern types of equipment for carrying out 
the various unit operations of chemical tech- 
nology such as mixing, filtration, evaporation and 
drying. Since many of these reactions are un- 
usual and have seldom been operated before on 
the scale projected for this new plant, a number 
of different types of equipment and materials of 
construction were made necessary for the evolu- 
tion of similar basic operations. Thus, five dif- 
ferent types of filters for liquid-solid separations 
were built, four different types of driers for solvent 
removal were constructed, and unusual mixers for 
high-capacity agitations were built to special 
designs and utilising many types of corrosion- 
resistant materials. 

Of particular interest is the distillation equip- 
ment which was specially designed for the con- 
tinuous recovery of solvents. These units are of 
the most advanced design and are engineered for 
the continuous recovery of organic solvents which 
are discharged from the process as both binary 
and ternary compositions. All of this equipment 
IS set up with automatic measuring devices and 
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A model of the ‘ Chloromycetin’ molecule demonstrated by two members of 
the research team responsible for the mass production synthesis of the antibiotic. 





‘Chloromycetin’ being packed and labelled for shipment all over the world. 
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controls and is built of stainless alloy 
to combat the corrosion problems in- 
volved. 


Solvents storage 


To handle the storage of organic solvents, 
a segregated tank farm has been constructed 
with a capacity of more than 100,000 gal. 
The tanks in this area are safeguarded by 
the most modern protective devices and 
are buried in the interest of the protection 
of life and property. Automatic controls 
meter these solvents to the various pro- 
cesses as required for operations. 

The disposal of the large volume of 
liquid wastes generated by these chemical 
processes was a particularly acute problem 
because of the toxicity of the waste and the 
location of the plant in an area where fresh 
water is a very valuable natural resource. 
The problem was finally solved by drilling 
a well more than 1,500 ft. deep into a 
porous geological stratum below the sur- 
face of the fresh ground water levels. The 
disposable wastes are injected into this 
stratum by forcing them under high 
pressures down the well casing with 
high-capacity pumps. 

The requirements for cold-water supply 
for condensation equipment made neces- 
sary the installation of refrigeration units 
which are capable of reducing low- 
temperature media equivalent to the 
manufacture of 400,000 Ib. of ice per day. 

Also of interest is the fact that all of the 
processes are as completely instrumented as 
possible. In order to protect this instru- 
mentation, even the air supply for the 
control equipment is passed through 
special drying units to reduce the water 
vapour content to extremely low figures. 





Future Articles 


Graphic and Supervisory 
Control Panels 
by A. Pollard, B.£c., A.R.I.C. 


Liquid Cyclones 
by S. Heslinz, M.Sc., A.R.I.C. 


Fluorspar and Fluorine 
by J. L. Poyle, Ph.D. 


Clad Steel Chemical Plant 
by H. Can’ler, Dipl.Ing. 


The Modern Approach 
to Chemical Engineering 
Research Problems 
by J. M. Coulson, M.Sc., Fh.D. 


Chemical Engineering Review : 
Distillation 
by H.H. Jones, B.Sc.Tech., A.M.I.Chem.E. 


Owing to pressure on space 
The Design and Layout of 
Radiochemical Laboratories 
by J. W. J. Fay, Ph.D., D.I.C. 


has been held over to the September issue 
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Chemical Engineering Invention 
MONTHLY SUMMARY OF PATENT CLAIMS 


Distillation column for hexane 


An olefine-free mixture of normal 
hexane, methylcyclopentane and benzene, 
such as a commercial n-hexane cut, is 
fractionated under a reflux ratio of at 
least 20:1 in a distillation column having 
the equivalent of at least 20 theoretical 
plates. The overhead product consists 
essentially of the n-hexane-benzene azeo- 
trope containing 4.3°,, by weight of ben- 
zene, and is an advantageous feedstock for 
a hydroforming process. The bottom 
product, when free of n-hexane, can be 
used as aviation fuel. An Iranian ‘n- 
hexane’ cut of boiling range 68° to 74°C. 
was distilled in a batch column equivalent 
to 100 theoretical plates (at total reflux), at 
a reflux ratio of 200 tor. Over 90”, of the 
total n-hexane was recovered, in the form 
of the azeotrope with benzene, completely 
free from methylcyclopentane. The azeo- 
trope was passed, together with hydrogen, 
over an activated molybdic oxide-on- 
alumina catalyst at 1,000°F. and under a 
gauge pressure of 200 lb. sq. in. The 
aromatic content of the product was 58°, 
by weight.—617,920, Anglo-Iranian Oil 
Co., Ltd., 7. Owen and O. M.K. Collis. 


Dehydrating tetrahydropyran by 
distillation 


Water is removed from tetrahydropyran 
water mixtures by submitting the mixture 
to a distillation which is continued untii 
the vapours therefrom give a condensate 
which, on cooling and standing, ceases to 
separate into two layers; tetrahydropyran 
being added to the mixture if the latter 
contains more water than the azeotrope, in 
an amount sufficient to ensure that, in a 
batch process, the proportion of tetra- 
hydropyran in the still increases as the dis- 
tillation proceeds, or that, in a continuous 
process, dry tetrahydropyran can be with- 
drawn continuously from the base of the 
distillation column. In the example, 500 
parts by weight of tetrahydropyran con- 
taining 15 parts of water were boiled in a 
still fitted with a fractionating column, 
condenser and decanter. The condensate 
was passed to the decanter and the top, 
tetrahydropyran-rich, layer which separated 
was returned to the top of the column. 
Fifteen parts of the lower aqueous layer 
were collected at a still-head temperature 
of 71° to 75°C. The distillation was then 
continued at reflux ratio of 5:1 and about 
27 parts of a wet fraction removed at a 
temperature of 75° to 88°C. The remainder 
of the tetra-hydropyran was then distilled 
off in a dry condition. The aqueous layer 
was submitted to redistillation and approxi- 
mately 1 part of wet tetrahydropyran 
obtained. This and the moist inter- 
mediate fraction may be recycled to the 
initial distillation process. Specification 


§92,919 is referred to.—619,976, 7. G. M. 
Bremner, D. G. Jones, R. R. Coats and 
Imperial Chemical Industries, Ltd. 


Hardening fatty acids 


The discontinuous hardening of tatty 
acids andor their glycerides comprises 
circulating the fat to be hardened mixed 
with a catalyst in a hardening container 1 
in contact with hydrogen, the fat being 
first preheated by using the heat conteut of 


























the hardened fat from a preceding opera- 
tion. Before passing into the hardening 
container, the fat to be hardened is passed 
through a heat-exchanger 15 located in a 
storage container 16a and heated by the 
hardened fat-catalyst mixture which is led 
simultaneously and in counter-flow through 
the heat-exchanger. The fat to be hardened 
is then fed into the storage container, from 
which it is then filled into the hardening 
container. A pump 21 supplies the fat to 
be hardened to the heat-exchanger 15 from 
which it empties to the storage container. 
In operation, when the hardening process 
of a previous fat has been completed in the 
container 1, hydrogen above the liquid 
layer is removed through a blowing-pipe 11 
and replaced by an inert gas from 2 
pressure pipe P1. The storage container is 
evacuated by a vacuum pipe V2, a valve 14 
opened, and the inert gas forces the fat- 
catalyst mixture through a pipe 13, heat- 
exchanger and thence eventually to a filter 
press 20. The procedure is now reversed, 
container 1 being placed under vacuum and 
the unhardened fat passing over through 
a pipe 17, catalyst being added through 4 
valve 26. A number of hardening con 
tainers may be used with one filter press 
unit bec»use of the time difference re juired 


for their operation. —619,961 Novdiske 
Fabriker, De-No-Fe AS, and C. F. 
Holmboe. 


CHEMICAL & PROCESS ENGINEERING, August 1952 





Se 8 ae ee, 


— Sa me eee 


CHEMI 











the 
juid 
e Il 
n a 
er is 


eI4 
fat- 

eat- 
filter 
rsed, 
. and 
yugh 
gh a 
con- 

p ress 
aired 
diske 

F. 


1952 





New Drug and Dyestuffs Factory in India 
JOINT INDIAN -U.S. ENTERPRISE 


T the town of Bulsar in the semi- 

desert land around Gujerat, 150 miles 
north of Bombay, a new chemical factory 
has been built. The importance of this 
enterprise is indicated by the fact that the 
Prime Minister of India himself opened 
the factory recently. 

The factory is to produce primarily dye- 
stuffs and sulphonamides. Hitherto India’s 
dyestuff industry has been based on the 
blending of imported dyes. The new 
faciory will make them from imported 
intermediates, technically a big step for- 
ward and economically the means of 
saving India $500,000 a year in foreign 
exchange, if the savings made in producing 
sulpha drugs are also counted. 

Prime mover in the enterprise is an 
Indian industrialist, Mr. Kasturbhai Lalb- 
hai, whose interest in dyes stems from his 
ownership of several textile mills. With 
him are several other Indian industrialists 
who together have subscribed 90°, of the 
capital of $3,500,000 needed to start the 


company, the name of which is Atul Ltd. - 


The other 10°, of the capital has been 
subscribed by American Cyanamid Inc., 
who have also supplied the technical 
knowledge and trained the technicians 
needed to run the factory. With such close 
ties with American Cyanamid it is natural 
that Atul will initially make products in 
which this American firm have long 
specialised. Besides dyes and sulphon- 
amides, these will be the new ‘ wide- 
spectrum ’ antibiotic, aureomycin, and the 
anti-anaemia drug, folic acid. 


Dyestuffs manufacture 
Present annual production capacity of 


Atul is 1,000,000 Ib. sulphur dyes and 
3,000,000 Ib. azo dyes. 


These will con-“ 


stitute a range of about 20 basic dyestuffs 
widely needed in India. Sulphur black 
will be the first to be made. Later it 
is hoped to make alizarine dyes. As 
mentioned, the dyes will be made from 
intermediates imported from American 
Cyanamid plants. Eventually the Indian 
chemical industry itself will produce the 
needed intermediates; already one com- 
pany is making benzole. 


Drugs 

With the manufacture of dyestuffs it is 
logical to couple the production of sul- 
phonamides, and Atul aim initially to make 
100,000 lb. p.a. of these versatile drugs 
which are badly needed in India to combat 
widespread diseases. Sulphadiazine will 
be the principal product. Local needs have 
also prompted the manufacture of folic 
acid for the treatment of anaemias of 
pregnancy and malnutrition. 

Perhaps the most interesting of the 
drugs on Atul’s production schedule is 
aureomycin, which is effective against 
many diseases and is easy to administer. 


Production facilities 

The factory area consists of 850 acres, 
so there is plenty of room for expansion. 
Water is a fundamental necessity of all 
chemical manufacture, and to supply the 
factory a reservoir of 1,000 acres has been 
made by damming the Par river. Settling 
tanks for effluent disposal have also been 
built. 

The factory at present consists of a 
power plant, office and laboratory building, 
warehouse, three manufacturing buildings 
and housing for administrative staff and 
workmen. 

The power plant is not the largest in 
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The azo and sulphur dyestuffs building with its 90-ft. tower housing the ice plant. 


and the coupling vats on the second. 
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India, but is claimed to be the most 
modern. It has a 58 ft. high combustion 
chamber with an output of 25,000 Ib./hr. 
of compressed steam. It supplies steam 
and generates current for both the dye and 
pharmaceutical sections of the plant. 

The laboratory will investigate cus- 
tomers’ individual dye problems. It is 
staffed, like the plant, by Indian chemists, 
some of whom have American degrees, and 
trained local workers. 

The lay-out of the factory itself has been 
admired by visiting technicans from Britain, 
Japan and Switzerland. The main part of 
the dye section is in a three-story building 
with a 90 ft. tower at one end, housing the 
ice plant. To make the scheduled quantity 
of azo dyes, 40 tons of ice and 10 tons of 
refrigerated water are required each day. 
This comes from an automatic ice-making 
machine, assisted by a barometric leg 
vacuum cooler. The ice is fed by gravity 
to the solution vats on the third floor in 
which the initial solutions are made up. 
These are again fed by gravity to the 
10,000-gal. coupling vats, just above floor 
level on the second story. 

The vats have been made locally from 
Indian teakwood. They are considered to 
be almost equivalent to the precision-made 
vats normally used in the West but, being 
of local materials, have cost half as much. 
However, the reaction of teak to acids and 
alkalies is not yet known, so the Atul vats 
are being carefully watched to see whether 
they will last as well as those in the United 
States, where cypress is normally employed. 

After leaving the coupling vats, the pre- 
cipitated dye flows by gravity to centri- 
fugal pumps which convey the dye slurries 
to 56 in. plate and frame filter presses. 
The isolated press cake is then loaded into 





Solution vats are on the top floor 
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trays and dried in recirculating air truck 
driers. It is finally dumped into con- 
tainers and carried back to the third floor, 
from which it is fed down through the 
grinders to the blenders and then into 
finished packages ready for shipment. 

This method of manufacture is very 
similar to that employed at Bound Brook, 
New Jersey, U.S.A., at the plant of the 
Calco Chemical Division of American 
Cyanamid. In addition to providing some 
of the capital, the American firm has given 
advice on the purchase of equipment and 
some of the raw material. Atul tech- 
nicians have also received training at 
Bound Brook, the results of whose labora- 
tory research are at the disposal of the 
Indian firm. Also American technicans 
have visited Bulsar to train workers 
locally. However, American Cyanamid has 
no share in the actual management. 

The Atul project is based on a 20-year 
development programme, and it is planned 
eventually to beccme an industrial town- 
ship housing ?,000 people and supplying 
India’s 362,000,000 population with most 
of the dyes and drugs required. This 
is a not inconsiderable ambition. If it 
is realised it will justify the choice of 
Atul for the name of the firm, because 
in Hindustani this word means ‘ in- 
comparable.’ 

Taken in conjunction with the recent 
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Inspecting the first batch of sulpha- 
diazine leaving the drying ovens. 


opening of the great Sindri fertiliser plant,* 
eventually planned to become the Billing- 
ham of India, the Atul enterprise is a 
landmark in the development of a chemical 
industry in India. It marks the beginning 
of a fundamental change in world chemical 
trade of cardinal importance to the British 
chemical industry, which for many years 
has regarded India as its best customer. 
~* See CHEmIcAL & Process ENGINEERING, 
May, 19§2. 





Mechanical Handling in Fertiliser 
Manufacture 


ANY manual operations in the manu- 
facture of fertilisers have been re- 
placed by mechznical methods to achieve 
higher productivity and economy of man- 
power. In fact, mechanical handling 
equipment is so extensively used that only 
selected features which may be of special 
interest were dealt with in a paper, “ Some 
Aspects of Mechanical Handling in the 
Fertiliser Industry,” read by J. P. A. 
Macdonald, of Scottish Agricultural In- 
dustries Ltd., at a recent Edinburgh meet- 
ing of the Fertiliser Society. In order to 
apply common mechanical handling tech- 
nique to this industry, however, particular 
attention must be paid to the chemical and 
physical nature of the matetials themselves. 
By far the most commonly used equip- 
ment is the rubber belt conveyor. It is 
applicable to practically all solid materials 
other than relatively hot substances and 
very fine powders. Special provisions are, 
however, required, particularly for hand- 
ling materials susceptible to caking in a 
hard and sharp form, which often leads to 
build-up and the resultant damage to the 
equipment. Many medifications have to 
be introduced to meet specific conditions. 
These include specially inclined and curved 
feeding chutes from hoppers to reduce 
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wear from the falling materials on the con- 
veyor belts. Rubber strips and guides have 
to be used to prevent spillage which is not 
only a waste but can completely block the 
handling systems. In elevators handling 
sticky material, particularly superphos- 
phate, there is often difficulty from build- 
up inside the buckets. In certain cases 
this can be kept down by routine cleaning, 
for example, by tapping each bucket on 
the downward leg in order to clear accu- 
mulated superphosphate before it has had 
time to become set. Unfortunately it is 
not always possible to ensure that this 
practice is carried out, nor can there be any 
guarantee that excessive zeal will not be 
displayed by the use of a sledge hammer 
instead of a mallet, with obvious conse- 
quences. 


Rubber equipment 


Rubber is used a great deal for fertiliser 
handling equipment. It is found in prac- 
tice that not only is material more easily 
removed from rubber-sided chutes and 
hoppers but there also appears to be less 
tendency for it to adhere initially. This 
may be due to the fact that there is always 
a certain amount of flexing going on and 
the material will not build up under such 


The author states that trial 


conditions. 
units of this type have been so successful 
that his firm have decided to use the prin- 
ciple wherever appropriate and to form 
new chutes by a light angle frame work 
infilled by conveyor belting. 


Automatic crane 

One interesting piece of equipment de- 
veloped was an automatically operated 
crane. It had to be able to fill the store 
from railway wagons at 80 tons/hr., where- 
as only 20 tons/hr. were required for feed- 
ing the mills. One solution would have 
been to have sufficiently large hoppers for 
the 16 to 20 working hours in a day. These 
would have been expensive and the alter- 
native was to have an automati: control 
system on the crane so that it would re- 
cover from the store without attendance, 
and in accordance with mill requirements. 
There wes clearly some risk in this new 
departure but the crane was designed so 
that it could revert to manual contro! for 
all purposes if the automatic gear failed. 
The plant has already been installed and 
the automatic system has been tried out. 
Modifications are now being made and it 
is expected that they will make the crane 
sufficiently reliable for automatic operation. 
The intended method of operation is that 
the crane driver will be available during 
the day for normal unloading of cargoes, 
levelling up of stock and work of this nature. 
During the two night shifts no crane man 
will be op duty and recovery of phosphate 
will be carried out by the mill operator. 


Cleanliness 

In general, much work is being done on 
the modification and improvement of exist- 
ing mechanical handling equipment in the 
fertiliser industry. Attention is being 
given to design to improve reliability by 
the reduction of spillage, prevention of 
build-up and suppression of dust. Handling 
of the fertiliser industry’s raw materials 
and finished products must remain to some 
extent a dusty or pasty operation and un- 
less constant attention is paid to cleaning, 
the damage to plant can be considerable. 
It costs something to keep handling plant 
clean and very often a statistician may 
prove that it is cheaper to let a conveyor 
wear itself out rapidly and be replaced 
than pay the cost of keeping it clean. How- 
ever, the human factor must be considered 
and a well-kept plant has intangible ad- 
vantages, such as the improved outlook of 
the operator and greater interest in the 
plant, high standard of maintenance and 
the consequent reflection on time lost due 
to break-down as well as longer life and 
greater safety. If the position is to im- 
prove materially, measures to minimise 
the amount of spillage, build-up and dust 
must be pursued and no peace given to the 
design side until things are better. Never- 
theless it must be recognised that at the 
best the process will remain a dirty one 
and there is no circumventing the necessity 
for regular cleaning by manual effort. 
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Book Reviews 


Corrosion resistance of tin 


Since more than half the usage of tin is 
in coatings for the protection of steel and 
other metals from rusting and corrosion, 
the Tin Research Institute has now pub- 
lished a book* on this subject by Mr. S. C. 
Britton, M.A., who is responsible for the 
research work on corrosion at the Institute. 

This book is in three parts. The first 
deals with the corrosion of tin itself, the 
second with its alloys and the last with 
coatings of tin and its alloys upon other 
metals. 

After a section on atmospheric corrosion, 
both indoors and outdoors, there are sec- 
tions on corrosion by acids and by alkalis 
in both of which the influence of atmo- 
spheric oxygen is often decisive. Milk 
products, an important class of materials 
which are mainly treated and transported 
in tinned equipment and vessels, are 
separately discussed. 

Alloys of tins are discussed in Part II, 
the alloys dealt with principally are solders, 
bearing metals and bronzes. 

Tin coatings and tin-alloy coatings are 
the subject of Part III (31 pages). There 


is a brief acount of the various methods by - 


which the coatings can be produced. 
Experiences with canned foods figure 
largely in the discussion of tinned steel 
containers for acid products and the effects 
of oxygen and of inhibitors are reviewed. 

The book concludes with a review of the 
properties of the following tin-alloy coat- 
ings which have found increasing applica- 
tions in recent years: tin-lead, tin-zinc, 
tin-cadmium, tin-copper (speculum especi- 
ally) and the new tin-nickel electroplate 
which has outstanding qualities of corrosion 
and tarnish resistance. 


Vinyl polymers 


The field covered by this work+ is much* 
wider than that indicated by resins which 
have the term ‘ vinyl’ in their commercial 
names. The author has treated ‘ vinyl’ 
not only in its strictly chemical sense and 
included all materials which are derived 
from monomers containing a CH, = CHX 
group, but has also included more highly 
substituted ethylene derivatives. 

The main headings are: styrene, acrylic 
derivatives, vinyl acetate and chloride, 
vinylidene chloride and fluoro-derivatives, 
ethylene and miscellaneous vinyl deriva- 
tives. Throughout there are many refer- 
ences to technical literature and to patents 
for further study. 

Primarily the book is written for the 
technologist interested in the properties 
of the resins and the physics and chemistry 


*The Corrosion Resistance of Tin and Tin 
Alloys, by S. C. Britton. Tin Research Insti- 


tute, 1952. Pp. 77 Index. 3s. 6d. net. 

TVinyl and Related Polymers, by C. E. 
Schildknecht. Pp. XI 723. Chapman & 
Hall, 1952. 100s. 
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New Effluent Plant 





Above: General view of the effluent purification plant at the Ruabon works of Monsanto 
Chemicals Ltd., looking north-west. 


Below: One of the twin strong-effluent balancing pits which are of unusual design. These 

pits are 20 ft. diam. and 20 ft. deep. They are constructed within an outer pit of 25 ft. diam., 

the space between being filled with clean water to prevent leakage of this liquor into the 

surrounding ground. Situated within the factory area, the discharge from them is piped 
to storage tanks at the effluent purification plant (for further details see p. 419). 








of their preparation. Particularly useful is 
the wide coverage given to derivatives 
which, although they have not so far proved 
to be of any commercial importance, are 
of value in indicating trends of research 
and confirmation of various theories regard- 
ing the effects of substituent groupings, 
limited cross-linking, etc. 

The treatment throughout is realistic 
and practical. The known limitations of 
products are stressed as well as their 
advantages. Theories of structure are well 
presented graphically by formulae and 
there are numerous sets of curves and 
illustrations of plant and equipment. 

Descriptions are included of the pro- 
perties and applications of fibres based on 
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poly-acrylonitrile and polvinylidene 
chloride together with references to several 
other fibres at present of minor commercial 
importance. 

In certain chapters there are useful lists 
of trade names, although it is rather sur- 
prising to find Imperial Chemical Indus- 
tries’ Welvic misprinted several times, 
including the dust cover, as Welwic. 

To summarise, ‘Vinyl and Related 
Polymers ’ is a useful and stimulating book 
for those concerned with the chemistry of 
vinyl derivatives and the physics of their 
polymerisation and co-polymerisation. The 
author is to be congratulated on the scope 
and quality of his effort. 

J. H. Martin, B.Sc., Pu.D., A.R.I.C. 
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Plant and Equipment 





British ‘ Chloromycetin’ plant 


A large proportion of the wide range of 
plant for the manufacture of the synthetic 
antibiotic Chloromycetin at the Hounslow 
factory of Parke, Davis & Co. Ltd. was 
supplied by the Balfour Group of com- 
panies. There are three main stages of the 
process. The first three steps of the first 
stage use Pfaudler glass-lined jacketed re- 
action vessels supplied by Enamelled Metal 
Products Corporation (1933) Ltd. These 
vessels are arranged to give maximum 
accessibility to charge-hole cocks, valves, 
agitators and controls. Pfaudler-Balfour 
jacketed stainless steel units and Pfaudler 
glass-lined refluxing units are employed in 
the second stage. 

To handle the several drying operations 
a battery of five Scott vacuum shelf dryers 
has been installed. All are equipped with 
automatic safety devices to avoid con- 
tamination or overheating of materials. 
Other Scott plant includes a solvent re- 
covery unit comprising a batch distillation 
plant with copper fractionating column, 
the whole unit being manually controlled 
from one central operating panel. 

In addition, a number of Pfaudler- 
Balfour stainless steel condensers and 
Pfaudler glass-enamelled connecting pipes 
and fittings were supplied. 


Electrolytic water sterilisation 


Electrolytic sterilisation of water sup- 
plies, industrial effluents and other liquids 
has many advantages, and for certain con- 
ditions is preferable to the use of com- 
mercially prepared hypochlorites and other 
forms of chlorination. The Clorocel equip- 
ment supplied by the Paterson Engineering 
Co. Ltd. treats water by the addition of 
electrolytic sodium hypochlorite (E.S.H.). 
It comprises an electrolytic cell which 
converts a weak solution of common salt 
into E.S.H., all the products of electrolysis 
being available for use in the sterilising 
process. Nascent oxygen is formed to- 
gether with the main product, chlorine, 
and the availability of the oxygen as well 
as the chlorine is an important factor in 
eliminating taste and smell even when using 
high chlorine concentrations in difficult 
waters. 

Water purification equipment of this 
type is available for handling from 
§0-50,000 gal. hr. and above this output 
plants can be built up into a series of 
units. The most general form is that in 
which the E.S.H. flows directly from the 
cell into the stream of water to be sterilised 
but where salt supplies are difficult, the 
equipment is arranged so that a higher con- 
centration of chlorine is built up. 

It is necessary to ensure that the right 
grade of salt is obtained, and also that 
suitable storage is available. Common 
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Water sterilisation unit. 


salt often has a large proportion of foreign 
matter which, if allowed to pass through 
the equipment, will shorten the life of the 
electrodes. In order to ensure ease of 
operation and a clean supply, two methods 
are available for producing the correct 
solution. The first involves a straining 
bag and is suitable for small installations 
or when treatment is intermittent. The 
bag contains specially graded salt, ready to 
drop into the salt solution tank. It also 
acts as a filter, the preparation of a clean 
solution taking only a few minutes. For 
installations required to run for long per- 
iods, a salt saturator is used, consisting of 
a closed vessel working under mains water 
pressure. 


New flow meter 


A new variable-area flow meter has been 
developed by the Fischer & Porter Co., 
U.S.A., in which the float is the down-flow 
type. The new design utilises a lower 
vertical extension to the rotameter float 
rod, carrying an additional buoyant float. 
This second float is inside a chamber filled 
with a liquid much denser than the fluid 
being metered and subsequently immiscible 
with it. Since the entire meter action is 
inverted, the taper of the metering tube is 
the reverse of conventional practice: a 
gasket separates the metering chamber 
from the extension chamber, and any 
conventional transmission means may be 
used such as the magnetic armature type. 

A modified form for the lower float is 
also practicable, which is temperature 
compensating. The buoyancy of the 
buoyant float or any modifications can be 
adjusted by variations in size or by filling 
the float with an extremely buoyant gas or 
various liquids. 





For further information on new 
plant and equipment, please com- 
plete the coupon on page 452. 





Electrical equipment for 
chemical and process plants 


A large number of electric motors are 
being supplied for a number of important 
British chemical projects by the British 
Thomson-Houston Co. Ltd. These pro- 
jects include the Cabot Carbon Ltd. carbon 
black plant at Ellesmere Port, two plants 
for the manufacture of sulphuric acid from 
pyrites and oil refinery plants. In all, 
these plants utilise upwards of 1,100 of the 
company’s motors. The paper-making 
industry has also been supplied with a 
large number of motor drives. ‘These 
include a sectional drive for a 156-in. 
paper machine for making newsprint 
which was installed in South Africa. The 
machine has ten sections, each driven by 
a B.T.H. a.c. commutator motor with a 
3: 1 speed range. Electronic controls have 
also been supplied for a number of motors 
and during 1951 several new Emo/rol- 
controlled drives were commissioned, in- 
cluding a 200-h.p. single-motor paper 
machine installation. A 215-h.p. Emotrol 
unit is also being supplied to Argentina 
for controlling a boiler fan drive. 

During 1951, two 3,000-kW. motor 
converters were supplied to the chemical 
industry and four similar machines are 
nearing completion. A motor-generator 
set rated 1,040 kW., 130 V., and 8,000 A. 
was completed for the Electrolytic Refining 
& Smelting Co. of Australia Pty. 

Considerable interest has been created 
by the d.c. switch-boards rated 40,000 A. 
at 250 V., manufactured for Imperial 
Chemical Industries Ltd. These are fitted 
with isolators on both positive and negitive 
poles and an electrically operated air 
circuit-breaker to control the positive sup- 
ply. As electro-chemical process units 
operate continuously over prolonged 
periods, a short-circuiting switch is pro- 
vided to permit circuit-breaker main- 
tenance without interrupting the supply. 
The incoming isolators and short-circuiting 
switches, each of 20,000-A. rating, are of 
an entirely new design. A further order 
has recently been given by I.C.I. for two 
50,000-A. units of similar design. 

A four-stage motor-driven refrigerating 
compressor is being supplied to British 
Celanese Ltd. Working on Freon 12, in- 
corporating flash gas cooling, it is believed 
to be one of the first centrifugal refrigerat- 
ing compressors to go into commission in 
the U.K. Two two-stage motor-driven 
machines working on Freon 11 are being 
installed underground and used for cooling 
in the East Rand Gold Mines of South 
Africa. 

Three turbine-driven single-stage gas 
exhausters are being supplied to the Woodall 
Duckham Co. Ltd. for the East Midlands 
Coal Board. These are to be installed at 
Wingerworth near Chesterfield, where a 
new carbonising plant incorporating the 
latest results of American experiments, and 
reputed to be the most up to date in Europe, 
is to be built. 
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Vibrating feeder 


A new vibrating feeder, the Velofeeder, 
operates on a system of impact, by which 
the vibrations in the feeder are produced. 
Marketed by Henry Simon Ltd., it is 
claimed that this system has never before 
been utilised in industry. The feeder is 
said to have a wide range of performance 
and low power consumption. 

The feed tray of the Velofeeder (which 
can be 12 in., 18 in. or 24 in. wide) can be 

ded as a conveyor having a working 
stroke variable over a very wide range— 
from virtually motionless to a maximum of 








Vibrating feeder. 


nearly | in. at 1,850 vibrations min.; the 
machine thus combines flexibility with a 
high maximum output. The motion of 
the tray is produced by an }-h.p. motor 
driving a small rotating out-of-balance 
weight assembly that gives impulses to 
the ‘ anvil’ on which it is mounted, the 
anvil being so arranged that it can oscillate 
between springs. On its rearward move- 
ment the anvil collides via a rubber pad 
with the feed tray, which also oscillates 
between springs. The springs and mount- 
ings are so designed that the two masses— 
anvil and feed tray—oscillate in opposite 
ways and collide once in every cycle; the 
machine is virtually self-balancing and 
little or no vibration is transmitted to the 
frame. The fotce of collision determines 
the movement of the feed tray. Variation 
in the force of collision is obtained by 
altering the mean distance between the 
two masses. This is done simply by turn- 
ing a hand-wheel. 

The machine can deal with a wide range 
of materials as the motive force generated 
by the principle outlined above ensures 
that even the most difficult materials are 
propelled evenly along the length of the 
tray. It is claimed, therefore, that the 
feeder can handle many materials, which, 
by reason of high moisture content or 
other difficult characteristics, are outside 
the scope of conventional feeders. 

The manufacturers can offer the machine 
with a variety of sizes and types of tray 
with local or remote control. An electronic 
servo controller can also be incorporated 
to give positive automatic adjustment of 
feed rates in proportion to any measurable 
variant. Examples of the uses of the Velo- 
feeder in this connection are the auto- 
matic regulation of feed to grinders and 
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pulverisers, thus maintaining maximum 
output and choke-free operation regardless 
of variation in material density, and the 
maintenance of temperature in dryers and 
roasters by automatic regulation of the feed. 


Portable water softener 
for field use 


Water softeners are usually employed at 
immovable locations. A recent innovation 
is the use of such softeners in portable 
equipment in the Texas oil fields so that 
boilers may be fed with the softened 
water. The equipment and softening 
materials can be moved around the oil 
fields with the drill rigs, to supply treated 
water for the powerful steam engines which 
drive the drilling equipment. 

The equipment consists of three 42 
72 in. tanks and one 48 » 60 in. tank, all 
mounted in tandem on a steel skid. The 
first of the 42-in. tanks is a filter, charged 
with a filtering compound which clears 
the water of mud and gross foreign matter 
before it enters the softeners. The other 
two larger tanks are the softening units, 
arranged so that they may be used in- 
dividually or together. The fourth tank, 
different from the others in construction 
and size, is for the brine used in regenerat- 
ing the softeners. 

Amberlite IR-120 cation exchanger is 
used in the softener tanks. This is a 
high-capacity resin of the sulphonated 
polystyrene type. As the hard water 
passes through the resin-filled tanks, the 
calcium and magnesium ions (responsible 
for the formation of scale in steam boilers) 
are exchanged for sodium ions held by the 
resin particles. 

The resin cannot continue to exchange 
sodium ions indefinitely, the number of 
ions being limited, hence it must be re- 
generated. Each tank is equipped with 
a patented multiport valve, the regenera- 
tion process being controlled by moving 
the position of the lever which operates 
the valve. At the end of drilling, the 
portable softener may be moved to a new 
location by lorry to resume operation. 

Previously to the ion-exchange method, 
boiler compounds were used, which often 
cost as much as $2,000 per well. 


Portable 3-in. pump 


With pumps in frequent use in factories 
mobility is an important factor in ensuring 
that they earn their keep wherever they 
are needed. The 3-in. centrifugal pump 
illustrated on this page is mounted on 
a strong welded angle-steel trolley with 
cushion tyres. The pump body is a one- 
piece aluminium casting; counterface of 
the cast-iron seal-hub is precision ground, 
and a special loaded carbon ring seal is 
fitted which requires no lubrication. On 
to the extended engine shaft is screwed 
a manganese bronze four-vane-type impel- 
ler. The 3-in. suction branch (screwed 
B.S.P.) is provided with clack valve, while 
the 3-in. discharge branch, also screwed 
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Centrifugal pump mounted on a welded 
rubber-tyred trolley 


B.S.P., has a swing-type flange fitting to 
the pump body. 

Close-coupled to the pump is a 6-h.p. 
air-cooled petrol engine (petrol-paraffin 
type can also be had). Total weight of the 
unit is approximately 224 lb. Performance 
data: total head, 100 ft. maximum; suction 
lift, 25 ft. maximum; and maximum 
capacity, 15,000 gal. hr. 

Accessories supplied include a suction 
hose strainer, hose spanner and all neces- 
sary tools. The pump is marketed by 
Warsop Power Tools Ltd. 


Automatic welding set 


Fusarc Ltd. have introduced a fully 
automatic welding installation for gas 
mains, consisting of a cantilever which 
allows the welding head to be raised and 
lowered to conform to any pipe diameter. 
The cantilever can motor along at welding 
speeds on a gantry mounted beside the 
roller bed, and special power-driven trans- 
verse movement to the welding head along 
the cantilever beam enables many types of 
work to be handled. The power-driven 
tilting roller bed is in a fixed position and, 
apart from providing the power rotation 
for the pipe when carrying out normal 
circumferential welds, can be tilted at a 
suitable angle to take single strakes for 
welding flanges or overlapping butt straps, 
which are fillet-welded externally and 
internally. 

The idler roller unit is mounted on 
floor rails which can be moved to any 
convenient position to accommodate pipes 
as they are progressively built up to a 
maximum length of about 50 ft. 

The cantilever is provided with a 
telescopic operator platform so that the 
welder can operate beside the work, and 
the auxiliary and generator currents are 
provided by a 1,000-A. generator group. 
Remote control and remote control 
contactor are provided. 
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GREAT BRITAIN 


Economic recovery: 
problems discussed at S.C.I. meeting 

The economic difficulties now besetting 
the country were discussed by two speakers 
at the 71st annual meeting of the Society 
of Chemical Industry held in Aberdeen 
from July 7-12. In his presidential 
address, Mr. John Rogers, chairman of 
Imperial Chemical Industries Ltd., said 
that the period of easy selling was over. 
In some ways this was a good thing 
because it gave a breathing space to over- 
haul and improve plant. ‘Some of you 
may say that revenue and capital difficulties 
make it extremely troublesome to do these 
things. Nevertheless, be optimistic and 
do the best you can. It has been said 
that the best time to spend money in 
industry is when you have not got any.’ 

Turning to the wider aspects of national 
affairs, Mr. Rogers said that in his view we 
were living in a time somewhat like the 
‘phoney war’ period of 1939. The real 
situation was not yet understood by most 
people. His way out of the difficulties would 
be an association of the best political brains 
and experience, working together with good- 
will to attain the results we all wanted. 

Messel Address. A serious view of 
our economic problems was also taken by 
Sir Henry Tizard, formerly chairman of 
the Government’s Advisory Committee on 
Scientific Policy. He was giving the 
Messel Medallist’s Address entitled ‘ The 
Strategy of Science,’ after receiving the 
Messel Medal of the S.C.I. He believed 
that all efforts should be bent towards one 
goal: achievement of a balance of overseas 
trade. Every other project, however in- 
teresting, should be set aside in favour of 
attaining this end. There was too much 
talk about the importance of fundamental 
research. It was far more important to 
strengthen our technology than expand our 
science. But, to give an example, he 
could think of few university dis- 
ciplines more likely to produce leaders 
of industry than that of chemical 
engineering. Science was not enough, we 
had to learn to apply the results of our 
fundamental research and not leave them 
for others to exploit. Here, Sir Henry 
quoted the well-known cases of penicillin, 
ion exchange resins, silicones and Terylene 
as British discoveries that had been 
exploited in other countries. 

He was puzzled by the chemical indus- 
try’s apparent lack of influence on export 
trade. Chemicals had constituted about 9°, 
of total world trade for 50 years. However, 
the British share in this trade had declined 
from 22°, in 1913 to 18°/, in 1950 while the 
American had risen from 10 to 36°,,. 

It might be argued thet we did not have 
enough money to exploit our discoveries, 
but God was not always with the big 
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battalions and he recalled Rutherford’s 
advice in a similar situation, ‘ We haven’t 
any money so we’ve got to think.’ 

About 300 members and their guests 
attended the meeting. Among the guests 
were Prof. Niels Bohr, the eminent physicist 
who was made an Honorary Foreign Mem- 
ber of the Society, a similar distinction being 
bestowed on M. Ernest Solvay. 

Visits were paid to the local industries 
of Aberdeen, which include paper making, 
production of fertilisers and acids, food 
processing and wool cloth manufacture. 


New S.C.I. president 

The president of the Society of Chemical 
Industry for 1952-53 is Mr. Francis Curtis, 
who was installed at the annual meeting 
in Aberdeen. Mr. Curtis has a background 
of 35 years’ experience in the chemical 
industry. He is a vice-president and 
director of Monsanto Chemical Co. of St. 
Louis, U.S.A. He is a past-president of 
the American Institute of Chemical En- 
gineers (1949) and former chairman of the 
American Section of the Society of Chemi- 
cal Industry. He has been chairman of 
the Division of Industrial and Engineering 
Chemistry of the American Chemical 
Society and is a charter member of the 
Commercial Chemical Development 
Association. 

A 1915 graduate of Harvard University, 
Mr. Curtis began work- in the chemical 
industry as a laboratory technician with 
the Merrimac Chemical Co., which was 
purchased in 1929 by the Monsanto 
Chemical Co. After five years in the 
laboratory, he was placed in charge of 
operating a plant. In 1925 he was moved 
to the sales department, where he worked 
for five more years until he was named 
head of the plant development programme. 
In 1935 he was transferred to St. Louis to 
become assistant director of Monsanto’s 
entire development programme. In 1939 
he was placed in charge of a new general 
development department of Monsanto, 
which had the task of encouraging develop- 
ment outside the company. In this con- 
nection, he made a number of trips to 
Europe and thus is familiar with chemical 
developments and problems there. He 
was promoted to vice-president and sec- 
retary of the executive committee of Mon- 
santo in 1943 and, in 1948, was given the 
additional duty of co-ordinator of sales. 
He was elected to a directorship in 1949 
and last year went to Washington to 
represent the company there. 

During World War 2 the Army sent 
Mr. Curtis to the European theatre to 
determine the enemy’s development of 
chemicals for war use. In 1951 he visited 
Great Britain, where he represented the 
U.S. National Production Authority on a 
two-man team that studied British use of 
American sulphur and suggested ways of 


conserving sulphur and of developing new 
sources of sulphuric acid. 


Unique pyrites-acid plant 

S.C.I. members at the annual meeting 
in Aberdeen were able to see under con- 
struction a unique plant for the manv- 
facture of sulphuric acid from pyrites. [t 
is at Sandilands Chemical Works of 
Scottish Agricultural Industries Ltd. and, 
when it comes into operation early jn 
1953, it will produce 37,000 tons p.a. of 
acid from 27,000 tons of Spanish pyrites, 
thus replacing the existing acid plants at 
Sandilands and producing enough acid for 
fertiliser manufacture there, as well as 
some for other plants in the country. 

The plant is of the Nichols-Freeman 
flash roaster-Petersen tower type, the com- 
bination being the first of its kind in the 
country. Pyrites are ground and dried 
and then burnt in the roaster to produce 
a gas containing 10°, SO,. This gas 
passes through a waste heat boiler for 
raising steam at 325 p.s.i. which passes 
through a 310-kVA back-pressure turbo- 
generator before being released at 30 p.s.i. 
for use as process steam elsewhere. After 
purification the cooled gas passes to the 
six Petersen towers which comprise, in 
turn, denitration, production, stabilising, 
regeneration and two nitration towers. In 
these, sulphuric acid is made in the same 
way as in the familiar lead chamber process 
in that oxidation is carried out with oxides 
of nitrogen. However, the strength and 
volume, of the circulating acids is con- 
siderably greater and there is a much 
higher production per cubic foot of 
reaction space. 

A novel constructional feature of the 
six brick towers is the use of Alkathene 
(polythene) sheeting in place of the con- 
ventional lead sheath. Granite is used for 
the tower filling instead of quartz, and 
glass is used for the acid coolers in place 
of cast iron. 


Government aid for technological 
education 

In a recent Parliamentary reply the 
Chancellor of the Exchequer, Mr. R. A. 
Butler, said that the Government con- 
sidered that a most important means of 
increasing productivity in industry was to 
improve the facilities for higher tech- 
nological education. They were convinced 
that that could best be done by building 
up at least one institution of university 
rank devoted predominantly to technology, 
and the best way of doing this was now 
being studied. As regards the last Govern- 
ment’s White Paper, the Chancellor con- 
tinued, the present Government fully 
recognised the important contribution 
which some technical colleges could make 
to higher technological education, and 
proposals for giving them more financial 
aid would soon be announced. However, 
the Government would not establish 4 
non-teaching, award-making body under 
the title of the Royal College of Technology. 
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ineering company’s jubilee 

The fiftieth anniversary of the Paterson 
Engineering Co. Ltd. was recently cele- 
brated by a reception at the Apothecaries 
Hall, London. A large number of guests 
were received by Sir William Paterson, 
founder and chairman of the company, 
and by Lady Paterson. The principal 
speakers were two friends of his youth, 
Lord Waverley and Prof. Sir Alexander 
Gray. As young men the three had been 
together for their engineering training in 
Scotland. 

William Paterson was born in 1874 and 
received his technical training at Heriot 
Watt College and apprenticeship at James 
Bertram & Sons. He formed the Paterson 
Engineering Co. in 1902 when he believed 
he had found a solution to the problem of 
boiler failures in power stations resulting 
from the presence of oil in feed water. 
Initially the company was occupied with 
providing efficient and economical means 
for softening and filtering water for indus- 
trial purposes and later they entered the 
field of water purification for the public 
drinking supply. 

In 1939, Paterson was asked by Lord 
Waverley, then Sir John Anderson, to 
devise an air-raid shelter capable of rapid 
production in very large numbers at low 
cost. At the jubilee reception, Lord 
Waverley gave full credit for the well- 
known Anderson shelter to Paterson and 
the Paterson Engineering Co. Ltd. Sir 
William was knighted in 1944. 


Private imports of fertilisers 
permitted 

Arrangements have been made for 
licensing the private import of those 
fertilisers (mainly phosphate rock, potash 
salts, superphosphate and basic slag) 
which, as recently announced by the 
Ministry of Materials, have ceased to be 
imported on public account. Imports will 
be permitted from any country other than 
Canada, U.S.A. and other dollar countries, 
Full information can be obtained from the 
Board of Trade, Import Licensing Branch, 
Romney House, Tufton Street, London, 
S.W.1. 


Price changes 

Tungsten ore. The selling price for 
tungsten ore of standard 65", grade and 
ordinary quality has been reduced to 
447s. 6d. per long ton unit delivered 
consumers’ works with effect from July 
12, according to a recent Ministry of 
Materials announcement. 

Copper. The price of electrolytic 
copper has been increased by £6 from 
£281 to £287 per ton delivered con- 
sumers’ works from July 5, according to 
the Ministry of Materials. Three weeks 
earlier it was increased by £50 per ton. 

Lead. The price of imported good scft 
pig lead has been reduced from £137 to 
£131 per ton delivered consumer’s works 
from July 10, according to the Ministry of 
Materials. 
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From August 22, 1952 
Chemical & Process Engineering 
and associate journals of the 
Leonard Hill Technical Group 
will be published from the new address : 
Leonard Hill Limited, 
Stratford House, 9 Eden Street, 
London, N.W.|!. 

Telephone: Euston 5911 














MR. HENRY J. ROSS 


who as chairman of the Scotch Whisky 
Association since 1945 received a knighthood 
in the Birthday Honours List, has been 
since 1948 chairman of the Distillers Co. 
Ltd., which he joined at the age of 17 in I9I1 
as a yeast plant apprentice. From 1914 to 
1916, when he was invalided from the Ser- 
vice, he served with the R.N.V.R. and has 
since retained a keen interest in yachting. 
The industrial interests of the D.C.L., which 
have become increasingly important in 
recent years, include, in addition to the 
production of industrial alcohol, yeast and 
malt extract by departments of the parent 
company, the bulk manufacture of organic 
chemicals by British Industrial Solvents 
Ltd., of plastics by British Geon Ltd., British 
Resin Products Ltd., and BX Plastics Ltd., 
and of biochemicals by the Distillers Co. 
(Biochemicals) Ltd. 


Personal 

Mr. Godfrey H. Owtram has joined 
Petrochemicals Ltd. as managing director. 
He is 45 years old and has had wide 
administrative experience in the textile, 
engineering and chemical industries. He 
is also chairman of Peter Crook Ltd., 
cotton spinners, director of the Yorkshire 
Dyeing & Proofing Co. and associated 
companies, founder of New Metals & 
Chemicals Ltd., member of the council of 
the Institute of Directors and chairman of 
their Taxation Committee. He replaces 
Dr. F. Kind and Dr. G. Tugendhat, 
who recently resigned as joint managing 
directors. Dr. Tugendhat has also resigned 
from the board, but Dr. Kind will remain 
a director. 

Mr. E. G. Pickering has been appointed 
a joint managing director of Johnson, 
Matthey & Co. Ltd. 
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Mr. K. B. Ross, formerly general 
refineries manager in Persia for the Anglo- 
Iranian Oil Co. Ltd., has joined the board 
of Costain-John Brown Ltd. This com- 
pany is owned jointly by Richard Costain 
Ltd. and John Brown & Co. Ltd., and is 
engaged among other things in the building 
of refinery and chemical plants. Several 
contracts are now on hand and it is 
expected that this side of the business will 
be developed with the help of Mr. Ross. 

Mr. M. K. Schwitzer has been ap- 
pointed manager of the Chemical Division 
(Europe) of Armour & Co. Ltd., London. 
This Division deals with the whole range 
of fatty acids and their derivatives pro- 
duced by Armour’s new plant at McCook, 
Illinois, U.S.A. These products include 
the Neofats, Armids (amides), Arneels 
(nitriles), Armeens (amines), Arquads 
(quaternaries) and many others. 

Mr. Brian H. Turpin, technical and 
sales director of Quickfit & Quartz Ltd., 
manufacturers of scientific and industrial 
glassware of Stone, Staffs, a member of the 
Triplex group of companies, has been 
elected a member of the Stone Urban 
District Council. 


Chemistry research fund 

The research fund of the Chemical 
Society provides grants for the assistance 
of research in all branches of chemistry. 
About £700 p.a. is available for this pur- 
pose, the income being derived from a 
donation of the Worshipful Company of 
Goldsmiths, from the Perkin Memorial 
Fund and from other sources. Forms of 
application together with the regulations 
may be obtained from the General Sec- 
retary, the Chemical Society, Burlington 
House, Piccadilly, London, W.1. 


BELGIUM 


New catalytic cracker 

A Houdriflow catalytic cracking unit is to 
be installed at the Antwerp refinery of 
Albatros S.A. Belge pour le Raffinage de 
Petrole, according to a recent announce- 
ment by Houdry Processes Corpn., and 
their foreign representatives, World Com- 
merce Corpn. S.A., New York. This 
moving-bed installation, employing a gas- 
lift for catalyst circulation, is designed for 
a nominal capacity of 3,600 barrels/day. 
It will be the 85th Houdry licensed 
catalytic unit. 

The agreements just concluded for the 
expansion and modernisation of the Ant- 
werp refinery also call for a feed pre- 
paration unit, a gas recovery and stabilisa- 
tion unit, a plant for the polymerisation of 
light olefins produced in Houdriflow crack- 
ing operations, and new facilities for 
treating straight-run and catalytic fuels. 

Petrocarbon Ltd., Manchester, England, 
are consultants to Albatros S.A. The 
mechanical engineering, drafting and pro- 
curement are being handled by Head 
Wrightson Processes Ltd., of London, 
working in conjunction with Houdry 
Process Corpn. 
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RUMANIA 


Natural gas for Hungary 

A joint Hungarian-Rumanian company 
for the exploitation and chemical process- 
ing of naturel gas is to be set up under a 
long-term economic co-operation pact 
reached between the two countries. Gas 
from Rumanian deposits will be conveyed 
through a jointly constructed pipeline to 
Hungary, where it will be chemically 
processed. 

TURKEY 


New sugar factory 

A $4,000,000 sugar factory for process- 
ing 1,800 tons/day of sugar beet is to be 
built at Adapazar. It will be constructed 
by the German company, Buckau R. 
Wolf A.G., who have already built three 
of the four existing sugar factories in 
Turkey. 

BRAZIL 


Fertiliser factory to be built 

A company recently established in col- 
laboration with the Société des Potasses 
d’Alsace, France, known as Potassa e 
Adubos Quimicos do Brazil, will build 
a fertiliser plant at Santos at a cost of 
several million dollars. The factory will 
have an annual capacity of 30,000 metric 
tons of mixed fertilisers and will use 
Chilean nitrate and Alsatian potash. 


Synthetic resin plant imported 

A complete chemical plant which will 
manufacture synthetic resin copolymer 
emulsions has been shipped to Sao Paulo, 
according to the American Polymer Corp. 
It will be ready for operations early next 
year. A new corporation, Polymer Pro- 
ductos Quimicos do Brazil, S.A., has 
been formed to run the plant, which will 
polymerise a wide range of monomers, 
producing specialities used in the leather, 
paint, plastic, textile, adhesive and agri- 
cultural fields. 


SOUTHERN RHODESIA 


New cement factory 

The Premier Portland Cement Co. of 
Rhodesia is to erect a cement factory at 
Moffat, near Gwelo, on a 100-acre site. 
The factory will have an estimated output 
of 200,000 tons p.a. of cement. 


INDIA 


Synthetic gem factory 

India’s first synthetic gem factory will be 
in Madras State and will go into production 
in July, 1953, according to Mr. M. V. 
Sarma, a sponsor of this new industry. The 
factory, jointly owned by Indian and Swiss 
capital, will be built either at the hill 
station of Ootacamund or Pykara in the 
Nilgiri hills. An existing synthetic gem fac- 
tory in Switzerland is being dismantled and 
shipped to Madras for assembly on the site. 

According to the agreement concluded 
between Swiss and Indian manufacturers, 
the capital, 3,500,000 rupees, for the new 
factory, is to be shared between Swiss and 
Indian industrialists on a 49-51°% basis. 
The Swiss will supply the machinery and 
a team of technicians. The production 
target proposed for the factory is 12 to 
16 tons p.a. 

In India, synthetic stones are used for 
jewellery only. At present there are about 
eight synthetic gem factories in the world 
—five in Switzerland, and one each in 
France, Germany and America—with a 
total production of 400 tons p a. 


AUSTRALIA 


Liquid helium produced 

Recently helium was liquefied by re- 
search workers of the Commonwealth 
Scientific and Industrial Research Organi- 
sation in Sydney. Liquefaction at the rate 
of § gal. hr. was carried out in a cryostat. 
The machine used was made at the 
National Standard Laboratory of the 





Manufacturing Chemist—Micro- 
Organisms and Nutrition; Acid Base 
Chemical Indicators; Anti-Convulsant 
Drugs; Progress Reports on Perfumery 
and Detergents. 


Food Manufacture—Lecithin in 
Food Processing, Part II; Food and 
Agriculture Groups in Holland; Fruit 
and Vegetable Utilisation in America; 
Margarine Manufacture in France. 


Petroleum—Canadian Oil before 
Leduc; Alberta Oil Industry; Atha- 
basca Tar Sands. 


World Crops—Soil Erosion in Cey- 
lon Tea Plantations; Agriculture in 
China; Aspects of Colonial Agricultural 
Law; Egyptian Cotton, Part III. 





The Leonard Hill Technical Group 


Articles published in some of our associate journals in 
the Leonard Hill Technical Group this month include : 


Paint Manufacture— Manufacture 
of Stencil and Duplicating Inks; Zinc 
Dust as a Protective Pigment. 

Textile Industries—Regenerated 
Protein Fibres from Keratin. 

Muck-Shifter—Development of 
Multi-Purpose Excavators, Part I; Con- 
trolling Muck-Shifting Operations with 
Radio Telephones. 

Atomics—Mobile Radiological 
Laboratory; 15,000,000 Electron Volt 
Linear Accelerator. 

Building Digest—Stone Cutting 
Machinery; First Plastic House. 

Pottery and Glass—Reconstruction 
of the Devon Pottery; Domestic Pottery 
Today, Jugs. 
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organisation’s division of physics. A 
temperature of 3° above absolute zero, or 
-485°F., was obtained at one stage of the 
experiments. 

Liquid helium has several peculiar 
properties. When cooled to temperatures 
of the order of 2°C. above absolute zero, 
it becomes a ‘ super fluid ’ with apparently 
no viscosity, and an ability to conduct heat 
almost instantaneously. 


Brown coal gas plant 

A new plant to produce gas from brown 
coal in the Gippsland of Victoria, wil! be 
started this year. From a million tons of 
briquettes, 33,000,000,000 cu.ft. of gas, 
8,000,000 gal. of tar, 2,500,000 gal. of 
high-octane motor spirit, 12,000,000 gal. 
of petrol and 10,000,000 gal. of fuel oil 
will be obtained, according to the Premier 
of Victoria. 


New zinc coating process 

A process claimed to permit a permanent 
zinc coating to be applied to any iron or 
steel structure before or after erection, has 
recently been patented by Dimet Pty. 
Ltd., of Melbourne. It involves the appli- 
cation by brushing of Galvanite, a com- 
pound containing metallic zinc and other 
inorganic products in a_ water-soluble 
metallic silicate vehicle. 

Galvanite is usually applied to surfaces 
that have been descaled by sand-blasting 
or wire brushing. After application the 
treated surface is heated to a temperature 
of between 300° and 400° F. to fuse the 
coating and make it insoluble in water. 
This low temperature is claimed to avoid 
the distortion which may be caused by 
ordinary galvanising. 

The process is said to give a weatherproof 
coating resistant to temperatures of up 
to 600° F. in air, water and petroleum. The 
coating is also claimed to be impervious to 
food and fruit acids. 


UNITED STATES 


New plant for fluorocarbon plastic 

Plans for increased production of the 
plastic KEL-F, polytrifluoro-monochlor- 
ethylene, which has a high resistance to 
heat, moisture and chemical action, have 
been announced by the M. W. Kellogg 
Co. Scheduled to go into operation before 
the end of the year, a new $1,000,009 plant 
is under construction at Jersey City. 

One of the first important industrial 
uses of this plastic was in the Oak Ridge 
atomic research station gaseous diffusion 
plant, which specified it for its high 
resistance to corrosion. Since the war its 
application has been developed in the 
electronics, aviation, packaging and food- 
stuffs industries as well as the chemical 
industry. KEL-F diaphragms have been 
used in diaphragm-type valves, providing 
the necessary flexibility over a wide tem- 
perature range with the addition of com- 
plete inertness to the most corrosive 
chemicals. A more recent application is 
a lining made for a large chemical vessel 
handling an extremely corrosive acid. 
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Aerial view showing: (a) Projected sulphuric acid-from-anhydrite works of Solway 

Chemicals Ltd. at Whitehaven, England; (b) Existing factory of Marchon Products Ltd.; 

(c) Phosphate plant in the course of erection; (d) Ladysmith power station operated by 

Marchon; (e) Conveyor connecting an anhydrite mine and works (see CHEMICAL AND 
PROCESS ENGINEERING, July 1952, p. 386). 


The liner was completely fabricated from 
KEL-F sheet and tubing and measures 
18 ft. long by 3 ft. diam. 


Phenolic resin production increased 
Expansion of research and production 
facilities to meet the foundry industry’s 
increasing demand for phenolic resins has 
been announced by the Monsanto Chemical 
Co. Mr. E. L. Hobson, assistant general 
manager of the Plastics Division, said that 
four new plastics products for the foundry 
industry had been developed. He esti- 
mated that the company’s production of 
resins for the foundry industry’s shell 
mould process would increase 100°, this 
year and under the accelerated research= 
and production programme the output of 
standard and new resins for the shell 
mould process should double in 19§2. 
The new products were the results of a 
six-year research programme built around 
the shell mould process, which substitutes 
a thin shell of sand and resin for the large 
quantities of sand used in older processes. 


Rubber company expansion 

The Naugatuck chemical division of the 
U.S. Rubber Co. has announced a major 
expansion of facilities for producing rubber 
latex and plastic materials on the west 
coast. The division has completed a new 
plant in Los Angeles which will serve as 
the firm’s western sales headquarters and 
enable the division to kecp pace with its 
expanding volume of west coast sales. Th: 
plant will also house technical service 
laboratory facilities for compounding and 
Storing natural and synthetic rubber latex, 
and warehousing of resins, plasticisers, rub- 
ber chemicals and agricultural chemicals. 
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Greater cadmium and germanium 
recovery 

Increased recovery of lead, cadmium 
and germanium sulphides from zinc sul- 
phide concentrates is foreseen as the result 
of laboratory experiments carried on at the 
Mississippi Valley Experiment Station of 
the Bureau of Mines at Rolla, Missouri. 

A bureau report describing tests during 
which volatilisation in both inert and 
reducing atmospheres, and also in a partial 
vacuum, resulted in recoveries as high as 
90”, has recently been released. The zinc 
sulphide concentrates used in the experi- 
ments were typical of those produced in 
the tri-state district of Missouri, Kansas 
and Oklahoma. Temperatures used ranged 
from 700 to 1,050°C. 


Chemical treatment of ore 
concentrates 

The treatment of ore concentrates by 
chemical methods instead of the customary 
smelting and refining techniques is being 
developed by the Chemical Construction 
Co. and, after four years’ research and 
pilot-plant work, has reached the stage 
where commercial applications are feasible. 

First commercial use will begin this 
summer when the Chemical Construction 
Corpn. expects to complete a $2,500,000 
cobalt refinery for a mining company near 
Salt Lake City, Utah. This refinery will 
increase world output of the metal, most 
of which comes from Central Africa, by 
more than 40°,,. It will daily process 35 
tons of 20°,, cobalt concentrates from 
Idaho-mined cobalt. This will result in 
yearly production of about 2,000 tons of 
pure cobalt, about one-half of the U.S. 
consumption of the metal in 1950. 
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A $5,000,000 project, now being built 
at Fredericktown, Missouri, should be 
finished by mid-1953. An annual pro- 
duction of 700 tons of cobalt, 900 tons of 
nickel, 700 tons of copper and 7,500 tons 
of fertiliser-grade ammonium sulphate is 
planned from this refinery. 

A $17,000,000 nickel refinery is being 
built at Edmonton, Alberta. It is scheduled 
to begin operations towards the end of 
1953, turning out mostly nickel, but also 
small quantities of cobalt and copper from 
sulphide ores. 


Active competition in the chemical 
markets foreseen 

Ambrose R. Chantler, president of the 
Synthetic Organic Chemical Manufac- 
turers Association, reporting on the inter- 
national trade situation at the annual 
meeting in June, said that the duty- 
lowering effects of the Torquay conference 
posed a threat to the domestic chemical 
industry if there was a rise in the imports 
of key intermediate chemicals. He pre- 
dicted that the instability of the world 
economy with its devalued currencies and 
opportunities for price manipulation would 
create extremely active competition from 
foreign sources in the year ahead. 


Oxidation-resisting metal powders 

A new method for processing metal 
powders, which is claimed to eliminate 
oxidation and give metal powders good 
stability, has been developed by the 
Glidden Co. Normally, metal powder 
agglomerates are produced in storage by 
oxidation. Amounts vary seasonally and 
according to the grade. Screening removes 
some, but others pass and cause local 
non-uniform briquette pressures, non- 
uniform sintering growth or shrinkage and 
difficult sizing, all of which increase scrap 
losses. Resistox metal powders are claimed 
to have better mixing characteristics which 
result in alloying improvement in sinter- 
ings. They are also claimed to prolong 
the life of dies, since they have better 
compressibility and are less abrasive than 
oxidised powders. 


Manganese from slag ‘ 

The U.S. steel industry is developing 
three processes for recovering manganese 
from the slag dumps of open-hearth fur- 
naces, according to the U.S. Steel Corpn. 
The manganese contained in open-hearth 
slags amounts to about 772,000 tons p.a. 
and would be more than enough to com- 
pensate for the loss of Soviet supplies. 
All three processes have proved to be 
technically feasible and, as work progresses, 
each will be scaled up to determine whether 
it is commercially practicable. Two of the 
processes are being tested with the help 
of the U.S. Bureau of Mines. The third 
is being developed at the Armour Research 
Foundation. 


New Celanese company 
The Celanese Corpn. of America has 
established a new global organisation 
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known as Celanese Central S.A. to provide 
closer liaison with the activities of foreign 
affiliates of the company in all countries 
except Canada. 

Foreign affiliates of the company, other 
than those in Canada, are: Celanese 
Mexicana S.A., Viscosa Mexicana S.A., 
Celulosa Nacional S.A., Claracel S.A., all 
in Mexico; Celanese Colombiana S.A. 
in Colombia, and Celanese Venezolana 
S.A. in Venezuela. 


CANADA 


U.K. firm builds chemical works 

The Watford Chemical Co., Ltd., 
London, has formed a Canadian subsidiary 
to be known as the Watford Chemical Co. 
(Canada), Ltd., with headquarters in 
Toronto. A plant site has been bought at 
Scarborough, a few miles east of the city 
and construction of one section of the 
plant is expected to be completed this 
month. A small corps of company tech- 
nical men has been sent from England and 
production should be well advanced by the 
end of this year. The manufacturing 
programme includes a wide range of fatty 
acid derivatives, fine and heavy chemicals, 
pharmaceuticals ard oil derivatives. The 
fatty acids will be of a type n«t at present 
made in Canada and normally imported 
from U.S.A. 

Watford already has associated chemical 
manufacturing companies in Germany, 
Sweden, Holland, India and South Africa. 


Oil project reaches pilot plant stage 

During the past two years, the chemical 
engineering group of the Division of 
Applied Chemistry at the National Re- 
search Council of Canada, has carried out 
an investigation into the recovery of oil 
from the Alberta tar sands by fluidised 
coking cf the sands. The section is now 
to occupy new premises extending through 
two stories to allow room for semi-indus- 
trial apparatus. These new premises are 
part of a four floor building measuring 300 
x 60 ft., which is being erected to allow 
the Division of Applied Chemistry room 
for expansion. 


international conferences 


August 20-27. Twenty-ninth Meeting 
of the Australian and New Zealand 
Association for the Advancement of 
Science, Sydney, Australia. 

August 20-28. Eighth International 
Congress on Theoretical and Applied 
Mechanics, Istanbul, Turkey. 

August 25-30. Meeting of the Union of 
Pan American Engineering Societies, New 
Orleans, U.S.A. 

August 25-September 2. General Assem- 
bly of the International Union of Theo- 
retical and Applied Mathematics, Istanbul, 
Turkey. 

September 1-5. International Symposium 
on Combustion, Cambridge, Massachusetts, 
U.S.A. 

September 3-10. Annual Meeting of the 
British Association for the Advancement 
of Science, Belfast, N. Ireland. 

September 3-15. World Power Con- 
ference, Meeting of International Executive 
Council, Chicago, U.S.A. 

September 4-7. General Assembly of 
the Association of German Engineers, 
Stuttgart, Germany. 

September 4-9. Second International 
Congress on Analytical Chemistry, 1952, 
Oxford. Three main lectures by Dr. C. J. 
van Nieuwenburg, Professor of Chemistry, 
Delft Technical University, Holland; Dr. 
L. H. Lampitt, chief chemist and director, 
J. Lyons & Co. Ltd.; and Dr. Ralph H. 
Miiller, Los Alamos Scientific Laboratory. 
Under the patronage of International 
Union of Pure and Applied Chemistry. 





Organisations convening meetings of 
interest to chemical engineers and 
chemists are invited to send full details 
at least two months in advance to the 
Editor, CHEMICAL & PROCESS 
ENGINEERING, I!7 Stratford Place, 
London, W.!. After August 22: Strat- 
ford House, 9 Eden Street, London, 
N.W.!I. No charge is made for pub- 
lication of such details. 














CHEMICAL & PROCESS ENGINEERING 
ENQUIRY BUREAU 
17 Stratford Place, London W.| 


Readers requiring names of suppliers of raw materials, machinery or finished 
products should complete this form and attach it to their business note- 
heading. Please state approximate quantities required. 


We wish to know names and addresses of suppliers of the following : 
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Recent publications 


Continuous solvent extraction plant, 
A new plant has recently come into opera- 
tion at the British Extracting Co. Ltd, 


mills at Bromborough. It extracts the oil 
from groundnut kernels by methods which 
allow the protein in the residual meal to be 
used for the production of the new wool 
type fibre, Ardil. The complete plant is 
described and illustrated in a special pub- 
lication by the makers, Rose, Downs & 
Thompson Ltd., which details the process 
from the pre-treatment and pressing to the 
separation of solvent and oil. 

Rotary vacuum filters. For the {fil- 
tration of many materials in the chemical 
industries, mining, paper and pulp mills, 
International Combustion Ltd. have pro- 
duced their Rovac filters. which are de- 
scribed in their booklet (No. G. 521). The 
range of models include rotary vacuum 
filters, cell filters, Endflow filters, and a 
salt filter. This filter dries crystalline mat- 
erials in one operation by means of steam 
or electrically heated air currents. 

Single roll breakers for the sizing of 
ash, coal, coke, fireclay, gas oxide, caustic 
soda and other friable materials, are de- 
scribed by British Jeffrey-Diamond Ltd. 
in their publication 1438 D. There are 
seven models in both classes with seven 
identical breaker size measurements. All 
these models can be arranged for flat belt, 
*V’ rope or direct gear drive. The 
breaker is compact in design and will fit 
into neW or existing crushing and screen 
plants. Segments, wearing liners, and 
bearings are all accessible and can be 
quickly replaced when required. 


Continuous centrifuges. The sep- 
aration of immiscible liquids, the recovery 
of solids from liquids and the clarification 
of liquids entails the use of a centrifuge. 
In their publication 152-2500, Sharples 
Centrifuges Ltd. describe their _labor- 
atory super centrifuge. Specifications of 
two models are given. No. 1A, motor 
driven, has a maximum speed of 23,000 
r.p.m. and produces a centrifugal force of 
13,200 times gravity. No. 1A, turbine 
driven, has a maximum speed of 50,000 
r.p.m. and produces a centrifugal force of 
62,000  G. 

Plastics for Industry is the title of a 
brochure from Resinoid and Mica Pro- 
ducts Ltd., which surveys various methods 
of moulding plastic articles. It includes 
a comparative chart outlining the relevant 
properties of the different types of plastics 
used in industry. 





Stainless Steel Specifications 

In the report on the symposium on ‘ Stainless 
Steel Specifications’ which appeared in our 
June issue and which was supplied to us by the 
official reporter, certain remarks regarding the 
attitude of stainless steel manufacturers are 
attributed to Mr. M. M. Hallett (col. 1, p. 306). 
Mr. Hallett asks us to state that these remarks 
were not made by him but by another speaker. 
We regret this error. 
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THE WORLD’S FIRST 


OIL REFINERY PLANT TO BE COMPLETELY 


CONTROLLED ELECTRONICALLY 


The new SO, Kerosene Extraction Plant at 
Llandarcy is the world’s first electronically 
controlled refinery unit to be placed on stream. 
Control is effected automatically by Evershed 
Process Controllers operating on the Evershed 





Electronic system which eliminates time lag and 
facilitates control over almost unlimited distances. 
Write for details of the various instruments 
installed at Llandarcy—flowmeters, level and 
pressure transmitters, process controllers and 


electro-pneumatic relays. ASK FOR SET OF CATALOGUES CP52 






EVERSHED & VIGNOLES LTD * CHISWICK - LONDON * W4 
TELEPHONE CHISWICK 3670+ TELEGRAMS MEGGER CHISK LONDON 


6/75 


CHEMICAL & PROCESS ENGINEERING, August 1952 


453 








Makers of mixing, evaporating, vacuum 
and steam-jacketed pans, autoclaves, 
condensers, crystallisers, stills, tanks, 
pipes and complete process plants, 











57, Victoria St.,,S.W.1, Telephone : Abbey 2708 (2 lines) 











Cannon (Holdings) Limited, 
Deepfields, Bilston, Staffs. 
London Office : 
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books for the varnish industry 


We shall be publishing shortly 
the third edition of 
DR. H. W. CHATFIELD’S 
‘VARNISH CONSTITUENTS’ 


850 pages Price 45s. 


CONTENTS 

Varnish oils; Acids; Monoglycerides; Natural oil varnish 
resins; Natural spirit varnish resins; Modified : atural 
resins; Synthetic resins; Solvents and Diluents; Plasticisers ; 
Driers and other metallic soaps; Antioxidants; Asphaltums 
and pitches; Waxes; Rubber; Chlorinated rubber. TABLES— 
Centigrade to Fahrenheit Conversion table; Atomic weights; 
Constants of synthetic resins. SYNTHETIC RESINS—Trade 
names and suppliers. Author Index. Subject Index. 


Now available from stock -- 


VARNISH MANUFACTURE 
AND PLANT 


by the same author 
450 pages 


CONTENTS 

The choice of raw materials for plant construction; The properties 
of raw materials for plants; Storage of raw materials, inter- 
mediates and finished products; Heat transfer; Transportation 
of fluids; Valves and cocks; Vapour condensation; Mixing; 
Cleansing; Manufacture of treated oils; Manufacture of dehy- 
drated castor oil; Manufacture of driers and other metallic soaps; 
Manufacture of copal and rosin esters; Manufacture of alkyd 
resins; Manufacture of phenolic and urea-formaldehyde resins; 
Manufacture of natural copal varnishes; Manufacture of black 
varnishes; Manufacture of spirit varnishes; Manufacture of 
paint removers; The layvut of a varnish factory; Some legal 
aspects of varnish manufacture. 


First edition Price 45s. 


Please send your order to your usual bookseller, or to 


Leonard Hill Limited. 17 Stratford Place. London. W.1 
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ELECTROLYTIC 





FOR ALL PURPOSES 
IN VARIOUS GRADES 
OR MADE TO CUSTOMERS 
OWN REQUIREMENTS 


Manufactured by the PLONEERS in Great Britain 


J). & J. MAKIN (metas) LTD 


Room 57, Grosvenor Chambers, 16 Deansgate 
Manchester, 3 





ALSO ATOMISED COPPER, TIN AND BRASS POWDERS 











APPAREILS 
GACHOT 


ENGHIEN (5-80) 








No. 6 
Laboratory 
Granulator 


Also: 
Dry Type Granulators 
Reciprocating Granulators 


Filling and Packing 
Machines 


J. G. JACKSON & CROCKATT LTD 
NITSHILL ROAD - THORNLIEBANK - GLASGOW 


Telephone: Giffnock 391 Telegrams: ‘** JAKCRO” Thornliebank 
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BROTHERHOOD 


Craftsmanship 


@ quarantee wHen continuous 
OPERATION IS ESSENTIAL 





VERTICAL TWIN-CYLINDER ANNULUS 
TWO-STAGE AMMONIA COMPRESSOR 


BROTHERHOOD COMPRESSORS 
air, gas and refrigerating 


Wide range of standard sizes for the manufacture of 
ARTIFICIAL FERTILISERS and other CHEMICALS 


ALL CLASSES OF MACHINERY TO 
SUIT CUSTOMERS’ REQUIREMENTS 


Other products : 


STEAM TURBINES Wide range 
Hundreds in hand 


STEAM ENGINES 
GENERATING SETS 


(OTHERHOOD) 


all types 


- Thousands in service 
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Telephone: Rippleway 2224 


Se ee ee er CO TO COCO Crec ecco meme tes 


Ay. ween LID - 


HERTFORD ROAD + BARKING «+ ESSEX 


Telegrams : Kemiscale, Barking 


FINE CHEMICALS manufactured to the HIGHEST STANDARDS 


MARK 








Acetomenaphthone B.P. 
“Ambamide” 

“Chilvit”’ Tablets 
Citrate Ferri-ammon B.P. 
Citrate Potassium B.P. 
Citrate Sodium B.P. 


Ferrous Oxalate 


Chiniofon B.P. 


8-Hydroxyquinoline 


5-Chlor 7-Iodo 8-Hydroxyquinoline 
5:7 Di-iodo 8-Hydroxyquinoline 


Chiniofonic Acid and Derivatives* 
lodide Potassium B.P. 

Iodide Sodium B.P. 

Iodine Resublimed B.P. 
Magnesium Trisilicate B.P. 


Menadione Sodium Bisulphite USP XII! 
Menaphthone B.P. 

Nicotinic Acid B.P. 

Nicotinamide B.P. 

Nikethamide 

Potassium Hydroxyquinoline Sulphate 
Sodium Nicotinate 

Methyl Nicotinate 








*Enquiries for Sundry Quinoline Derivatives invited 
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PASCALL 


mixers are designed to distribute the various powders evenly 
throughout the mass quickly and efficiently. They are fitted 
with removable agitators, self-emptying troughs, and safety- 
devices Trough capacities available between 2 and 18 cu. ft 


Stainless or mild steel construction 





Write for list 198 





Tel : Paddington 7236 


THE PASCALL ENGINEERING CO., LTD., 114, LISSON GROVE. LONDON, N.W.1 
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ROTAMETERS 





Y FLOWMETERS for 
7 GASES AND LIQUIDS 
oe 


DELIVERED FROM 
SL. OCE 
with flow ranges 


1-10 gals hr water 
10-100 gals hr water 


ag 
— 


Also made to order for any 10:1 
flow range from 0.5 cc min liquid, 
2 cc min gas onward 





° 


Special types also available for i 
large industrial flows, high pres- 

sures, high temperatures, opaque 4 
liquids, remote indicating, re- 
cording and controlling. 





MFG. CO. LIMITED. 


ROTAMETER 
Phome CROYDON - 7262/3 


PURLEY WAY- CROYDON - SURREY 


« 
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gas cleaning 
for blast furnaces... 


10,000,000 cu. ft/hr N.T.P. of gas is cleaned within a guaranteed limit of 0.007 grains cu. ft. 


N.T.P. by this Lodge-Cottrell Equipment supplied to the Consett Iron Company, Consett 


On Ce ee GO eS 









OUTSTANDING FEATURES OF THE LODGE-COTTRELL SYSTEM 


@ Plant is practically automatic, requiring no special skilled attention 
@ Resistance to gas flow is extremely small. 


@ Power and maintenance costs lower than those of any other method giving com- 
parable results. 


@ All British equipment and manufacture of the very best workmanship and finish. 


LODGE-COTTRELL LTD. GEORGE ST. PARADE, BIRMINGHAM. Phone CEN 7714 
PIONEERS AND SPECIALISTS IN ELECTRICAL PRECIPITATION 


P. 2004 











CRUSHING - GRINDING 
AIR SEPARATING 
DRYING 


COOLING and MIXING 
PLANTS 


PNEUMATIC and MECHANICAL 
HANDLING EQUIPMENT 


PULVERIZED 
FUEL INSTALLATIONS 


Standard or 
Special Duties 


Write for details 





4 British ‘Rema’ No. 6 size Disintegrators in the works 
ready for despatch. Each machine is driven by a 125-h.p., 
|,440-r.p.m. motor. An output of up to 17 tons per hour per 
machine is given when producing coarse ground cereals, etc. 


BRITISH REMA 


MANUFACTURING CO.EE? 


PROPRIETORS: EDGAR ALLEN & CO, LIMITED 


IMPERIAL STEEL WORKS 
SHEPPFIELD-9 
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| Visit S.1.M.A. 
| EXHIBITION p E R 
1AND SYMPOSIUM! 

Sept 2-5 | 


Lasss=mneneee! AND MILLIVOLTMETER 


pr reser eeeccors, 
' 
' 
' 
' 





The ‘ Pye’ pH Meter is a mains-operated instrument which 
is virtually immune to the effects of supply variations. For 
a meter operating on 230 volts the supply may vary from 
195 to 265 volts and from 47 c/s to 53 c/s in frequenc: 
without producing variations of more than 0.02 pH in the 
reading. 

The instrument can be used to speed up any industria! 
process dependent upon acidity or alkalinity, thus reducing 
labour and production cost. Operation is extremel 

simple and a series of determinations can be taken by a 

unskilled operator with rapidity and ease. Zero adjust 

ments need only be made once a day. 

All accessories including electrodes and buffer tablets, ar 

provided, stowed in a compartment within the instrument 
The “ Operating Instructions ” are lucid and in simp 

language. Please write for descriptive leaflet, quotin, 


OUTSTANDING FEATURES Cat. No. I.C, 11054. 


* Mains Operated * Direct Reading * Automatic Tempera- te 
ture Compensation * Full Range 0-14 pH * Can be used 
with any electrode assembly * Operates external meters, SCIENTIFIC 3 INSTRUMENTS 
recorders, process controllers * Electrode fully protected 

* Ideal for Redox-Millivolt measurements 








W. G. PYE & CO. LTD., GRANTA WORKS, CAMBRIDGE, ENGLAND 














Petroleum... 


the utilisation of oil in its widest sense 


PRODUCTION - DRILLING - REFINING 
DISTRIBUTION - STORAGE - TRANSPORT 
BY-PRODUCTS 


Business opportunities 


Leonard Hill Limited 
17 STRATFORD PLACE, LONDON, W.1 


Specimen copy on request 








keeps its readers fully advised of the world’s 
latest technical and industrial progress in 


Every issue is fully illustrated with photographs, 
diagrams and flowsheets. Besides the Editorial 
contents there are many advertisements of raw 
materials, plants and apparatus. Services and 


Annual Subscription $6, post free ‘ Published Monthly 
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Everything in ASBESTOS 


The Central Manufacturing and Trading Co. (Dudley) Ltd. 


OLD HILL, STAFFS. Telephone: Cradley Heath 69/8! (5 lines) 


the LIGHTNING CRUSHER 


for Granulating or Pulverising 


SLAGS * MINERALS 
CHEMICALS * HOUSE 
REFUSE * ETC. 






















to exacting 








7 Models from 














ye se, specifications 
a THE AU TOPACK Rance LABORATORY 
filling of SIZE to dite ith al 5 i 
sealing PACKAGING MACHINES 50 TONS PER HOUR 
0, AUTOPACK LTD. : . 
DASA MAUUISIE 'orporaune Automatic Weighing and The Patent Lightning Crusher Co. Ltd. 
MUM AUURAIESTHIE Caroline Street Birmingham 2, England} 14a ROSEBERY AVENUE, LONDON, E.C.1 Terminus 1928 














THE PULMAC MILL 


For producing the best results in the reduction of all 
Dry materials to the desired mesh in one operation 





INTERNATIONAL PULVERISERS LIMITED 


" "Phone : 70 VICTORIA STREET Grams : 
Victoria “ Pulgrind ”” 
2958 LONDON, S.W.1, ENGLAND Sowest London 














ee 


S i 
ie 


Tons or grammes... be 





Whether your requirements are several tons of a drug of liberal dosage, or 






afew grammes of a potent alkaloid you can always be assured of equally high standards of .*¥ 
purity and quality by buying ‘B. W. & Co.’ Inquiries are invited for:—Adrenaline (base and 
bitartrate), Atropine (alkaloid and sulphate), Benzamine Salts, Bismuth Salts, Carbachol, 
Cinchophen, Digitalin Amorphous, Diphenan, Emetine Hydrochloride and E.B.I., Ephedrine 
and Salts, Ergometrine Maleate, Methylephedrine Hydrochloride, Homatropine (alkaloid 
and salts), Hyoscine Hydrobromide,Isoprenaline Sulphate, Ouabain, Physostigmine Salts, 
Pilocarpine Salts, Strophanthin-K, Sulphaguanidine and many other alkaloids 
and glycosides. 


you can depend on 
B.W.& CO. fine chemicals 





bral 
BURROUGHS WELLCOME & CO. (The Wellcome Foundation Ltd.) Chemical Sales Division, 183-193, Euston Road, LONDON 
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CLASSIFIED ADVERTISEMENTS 


in CHEMICAL & PROCESS ENGINEERING must be PREPAID. 3d. a word, minimum 4s. Box number Is. extra. 
Replies to BOX NUMBERS should be addressed to Chemical & Process Engineering, |7 Stratford Place, London, W.| 
SEMI-DISPLAY RATES ON REQUEST 








SITUATIONS VACANT 


ASSISTANT required to Technical Officer designing 
Heat Transmission Plant. Applicant must ve a 
sound knowledge of applied physics and mathematics. 
Salary approximately {500 per annum according to 
qualifications and experience. Midlands area.—Rox No. 
$034. 


UNEQUAL -LED postal instruction in Chemical 
Engineering (General Chemistry, Chemical Tech- 
nology, Principles of Iron and Steel Manufacture, In- 
organic and Orgunic Chemistry, Fuel Technology) is 

ered by the I.C.S.. world’s largest and greatest school 
teaching by the correspondence method. There is also 
a Course in Chemical Works Management. Our instruc- 
tion is backed by sy years of successful experience. Let 
us send you a copy of our special booklet, ‘ Chemical 
Engineering.’ It is packed with information on how to 
win promotion and better pay. Write for it today. It is 
free. So are the willing services of our Advisory Depart- 
ment.—International Correspondence Schools, td., 
Dept. 326, International Buildings, Kingsway, London. 


STAINLESS STEELS 
FROM STOCK 


Sheets, Strips, Bars and Tubes. 
price schedule 
THE MULBERRY Co. 
223 St. John Street, London, E.C.i 
Phone: Clerkenwell 8356/7/8 





Send for 











(CCHEMIC “AL ENGINEER required for investigations 
on various aspects of whiting manufacture, including 
classification of powders by wet and dry processes, drying 
processes, and general handling of suspensions and 
powders. Applicants should have a good honours degree 
or equivalent qualifications, and some experience of 
practice in related fields, with an interest in operational 
research and in basic studies of plant requirements. 
Initial salary up to £1,050 per annum, according to 
on and experience, with superannuation under 

S.S.U. Apply to the Director of Research, Research 
Council of the British Whiting Federation, 245 Ampthill 
Road, Bedford. 


XPERIENCED DRAUGHTSMEN required by 

Imperial Smelting Corporation Limited—Mechanical, 
Mechanical Handling, Structural and Chemical. It is 
desirable that applicants should have served an apprentice- 
ship and obtained academic qualifications to the level of 
Higher National Certificate. Candidates lacking these 
qualifications but having particularly relevant experience 
will, however, be given consideration. Salaries are re- 
viewed annually in the light of progress made, and an 
internal promotion scheme makes rapid advancement 
possible Er persons of the right calibre. Write, giving 
brief details of qualitications and experience, to the Ministry 
of Labour and National Service, Employment Exchange, 
20 Gloucester Road, Avonmouth, Bristol, quoting 
reference ICE/Draughtsmen/N.S.C., Ltd 


BUSINESS OPPORTUNITIES 


PULVERISING, grinding, mixing, drying. We collec: 
and deliver. Crack Pulverising Mills Ltd., Plantation 
House, Mincing Lane, E.C.3. 


IRT, GREASE, OIL, the grime of years, melt away 

before the econ jet of DRY steam and deter- 
gent with the ‘SPEEDYLECTRIC’ Mobile Steam Jet 
Cleaner. Compact, portable, completely safe, ideal for 
laboratories and factories, etc. Just plug in and ONE 
man does the work of five, and much more thoroughly 
Send for Leaflet S.113, Bastian & Allen Ltd., Ferndale 
Terrace, Harrow, Middlesex. UNDerhill 0440 


FOR SALE 


UTOMATIC Soap Tableting Press, Liehman- 
Brem.ch, for 3 dies, complete with 5° conveyor. For 
disposal.—Box No. 5032. 


NEW Machinery from stock, } in. Motorised Drilling 
Machines £18 10s. Wood Planing Machines from 
£8 tos. Sanding Machines from £7. Forge Blowers, 
Paint Spray Plants, Electric Motors, Grinders, etc 
Deferred terms available. Catalogue from manufacturers 
John B. D. Steel, Dept. 73, Bingley, Yorks. 


FOR SALE 
(continued) 


PANISH Glazed Wall Tiles. First-grade selected, 
for high-class work. Prompt delivery. Hidalgo Ltd., 
Bank Chambers, Market Place, London, W.1. 


ECONDITIONED ex-Army Huts, and manufactured 

buildings. Timber, Asbestos, Nissen type, Hall type, 
etc. All sizes and prices. Write, call or telephone: 
Universal Supplies (Belvedere) Ltd., Dept. 49, Crabtree 
Manorway, Belvedere, Kent. Tel.: Erith 2948. 

ACTORY CANTEEN. Is your canteen as efficient 

as you would like it to be? Jack Hampton’s book, 
“ Factory Canteens, their Management in Great 
Britain,” will help you to run your canteen in the right 
way. Price 15s. Order your copy from your usual 
bookseller, or from Leonard Hill Ltd., 17 Strattord 
Place, London, W.1. 


ULL STEAM IN FIVE MINUTES with B. & A. 

Electrode Boilers, used by British industries for 20 
years. No boilerhouse, no flue, no attendant needed. 
‘The most compact and convenient steam raisers available, 
can go beside machines using the steam. Write for 
Leaflet 161. Bastian & Allen Ltd., Ferndale Terrace, 
Harrow, Middlesex. 


EDGAR ALLEN Tiger Pulveriser. 14, 2} and 34 size 
Disintegrators. 12”, 17” and 36” toothed Roll Cracking 
Mills. Nine Werner and Baker Perkins type Tilting 
Machines, jacketed and plain, with fin type and double 
“Z” arms. No. 1 size Miracle Mills. No. 3 size Junior 
Hammamac Hammer Mill. Vertical Elevator Casing 
only 18 ft. high for 12” buckets. Several Rectangular 
Riveted Storage Tanks. 12 Sifting and Powder Dressing 
cree Sizer, Limited, Engineers, Cuber Works, 
ull. 


LASSBLOWING, repetition and scientific, by Hall 
Drysdale & Co. Ltd., of 58 Commerce Road, Wood 
Green, London, N.22. Phone, BOWes Park 7221-2 





FOR SALE 
Four Copper Stills, steam heated with water- 
jacketed columns, condensers and constant level. 
Capacity 1,000 gallons. In first class condition. 
Specifications and drawing on request. 
REED BROTHERS (ENGINEERING) LTD. 
REPLANT WORKS, CUBA STREET, MILLWALL, E.14 
Phone: EAST 4081 











LABORATORY Test Sieves to B.S. 410:43 or com- 
mercial quality ; ring or write for brochure.—Endecott: 
(Filters), Ltd., 251 Kingston Road, London, S.W.19, 


Liberty 8121/2. 


OHM, LTD., crush, pulverise, grind and grade 

raw materials everywhere ; ; factories in main industrial 
centres.—Please send your enquiries to 167 Victoria 
Street, London, S.W.1. Victoria 1414. 


ACTORY site with own free electricity, water power, 

labour available, together with gentleman's attractive 
freehold country residence, outbuildings and crchard, $5! 
acres. Rothwell, Douglasbridge, Strabane, Northern 
Ireland. 


E LAVAL Centrifugal Oil/Acid Separator, Type 

ASL/702. With or without Gravity Disc and 3-phase 
drive. New and unused. Surplus to requirements. Glasgow 
area. Offers.—Clyde Oils Ltd., Abbotsinch, Paisley. 


4 TONS NEOSYL for immediate disposal, space 

required. Recommended ingredient for toothpaste, 

face powders, cosmetic and toilet preparations. Pure 

form of amorphous silica tine white powder. Sample on 
application. Kalamazoo Itd., Birmingham, 31 


NE STEELE and Cowlishawe size 5 Ball Mill 
Separator complete with 40/80 h.p. motor and switch 
panel for 400/3/50 supply.—B. K. L. Alloys !.td., Bir- 
mingham Factory Centre, Kings Norton, Birmingham, 30 


WANTED 


JANTED.—Woolgrease, any quantitic any gi 
Submit samples with quotations to William Lg 
Ltd., Central Chambers, Cheapside, Bradford, Yorkshire, 

quoting reference ESL. 


REQUIRED urgently, either second-hand in good 
condition or new, 30-40 cu. ft. wash-type . Doan 

cast-iron filter press, with air-blowing attachment, 

to British Schering Mfg. Labs. Ltd., Hazel Con 


Cheshire. 

WANTED—10 1g tons short asbestos fibre, 
required. 4 ton cleaned sorts es gum 

C. W. Longney, Oxford Chambers, St. ephen’s Swen 


Bristol, 1. 

CASH for scrap metals, etc. Write o 
Scrap & Salvage, Furze Street, Bow, E 

WE pay the highest prices obtainable i 
for used 40/45-gal. drums in sou 

Immediate collection.—Process Salvage 

Coborn Road, London, E.3. Telephone 


Phone Bow 
East 4510, 


this country 
d condition, 
Ltd., 79-83 
\dvance 1676, 


$e, 





RAWING OFFICE FACILITIES available; 

designs, calculations, drawings, tracings. Per. 
spective, exploded and ‘ ghost’ assemblies drawn 
from standard orthographic projectior A com- 
prehensive, confidential service; all dr wings bear 
clients’ names only.—The Coniston Engineering 
Co., 72 Upper Tooting Road, S.\.17. Te 
Balham 6049. 











war TED regularly for treatment in our own works, 

Residues containing Cadmium, Zinc, Copper, Lead, 
Tin, Nickel. —Offers to Oakland Metal Co. Lid 
Oakland Works Willington, Derby. Telephone: ‘Repton 


391 392. 
TRANSLATIONS 


RANSLATIONS, technical, scientific, French, Gee 
man, etc., by highly qualified nee engineers 
scientists, speciality difficult translations.—Smuts 
Technical Services, 8 Palace Gates Road, London, Naz 


2 MISCELLANEOUS 


GRINDING, mixing, sifting. We have facilities for 
grinding, mixing and sifting a wide range of materials 
in modern plant of large capacity. No risk of com 
tamination, as we do not handle dirty or objectionable 
substances. Oury Millar & Co. Ltd., Thames Hous, 
Queen Street Place, London, E.C.4. 
NALYSIS.—Rapid Routine Analysis. § 
Analysis. Ultimate Analysis. Assays. All 
meee to British Pharmacopoeia and Codex. White 
for particulars to Newchem Ltd., Poynton, Cheshire, 


PATENT No. 500201 for ‘ Improvements in or relating 
to the Recovery of Stabilised Gasoline from V 
produced in Cracking Hydrocarbons.’ Owners desire to 
meet all demands for the utilisation of this patent and 
invite enquiries from manufacturers in Great 
prepared to assist in its commercial exploitation. Addres 
in first instance: Messrs. Pollak, ge & Tench, 
Chartered Patent Agents, 134 Cheapside, London, E.Ca 


WE buy and sell Heavy Chemicals and allied articles 
CECIL FARMS LTD., 53 Tottenham Court Road 
London, W.1. 


LIDE-RULES for the 
matician, etc. Prompt 
NESTLER range. Complete 
Please apply to the sole agents: 
Corporation Ltd., 52 Gloucester Place, 


AETERS, A.C. 


LANgham 2499. 
Engineer, Chemist, Mathe 
jebrated 


delivery of the cel 

satisfaction ensure 
Hudes Merchandising 
London, W.t. 


and D.C., new and_ reconditioned, 

all types. Quarterly, single- and _ three-phaiy 
3- and 4-wire, 2} to 1,000 amps. Prepayment, single 
and double tariff, single, duel and triple coin, fis 
and variable tariff, 2} to sc amps. M.D.1., Billiand 
Switches, Rent Collectors. Prices from §s., carriage 
paid; two-year guarantee; immediate delivery. Tue 
trated catalogue from The Electric Meter Co., 163 elville 


Lane, Torquay. : 
W. SCHEDULE. We measure works a 
Chessing- 


Telephone: 


*for the War Office and Air Ministry 
gamated Building Services, 170 Bridge Road, 
ton, Surrey. Telephone: Epsom 4255 





Second edition, 35s. 





Woon PULP 
ALLIED PRODUCTS 
DR. JULIUS GRANT 


10d. post free, 312 pages. 


General Introduction. Historical 
Pulping Woods 
Process: Description and Chemistry; 
General Description and Chemistry; 
Beaching of Wood Pulp; Theory; 


AND 


Tests 
After-processes for Paper-Rayon. 
Pulp. Indices 


illustrated 


Cellulose and the Wood Fibre. 
Preparaton of Wood for Pulping. 
Practical Considerations ana Plant. 
Practical Considerations and Plant, 
Practice 
Pulp. By-Products from Weod and Wood-Pulping Processes 
Tests for Rayon and Speciality Pulps 
Miscellaneous other uses for Wood Pulp ; 


Obtainable from your usual bookseller or from 


LEONARD HILL LIMITED, 17 STRATFORD PLACE, LONDON, W.! 


Identification and E 


iluation of 
Mechanical or Groundwood Proce Sulphite 


Alkaline Processes: Theor, 

Soda Recovery Plant. 
Mechanical Purification and De-watering of Wood 
Testing Methods: Physical; € hemical 
The Paper and Board ine 


Use of Wood Pulp 
The Future of 


eT TEL SR Ee 
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